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INTRODUCTION. 


Department  of  the  iNTEaioR, 

Washingtony  November  21, 1851. 

Sir:  For  reasons  stated  by  the  Commissioner  of  the  General  Land  Office^ 
in  his  letter  of  the  20th  instant,  which  accompanies  this,  and  with  a  view 
to  such  action  by  you  as  he  suggests,  I  herewith  transmit  the  second  and 
final  report  of  Messrs.  Foster  and  Whitney,  United  States  Greologists,  oa 
tiie  geology  of  the  Lake  Superior  Land  District  in  Michigan,  accompanied 
by  sections  and  illustrations,  and  a  general  map,  on  which  are  defined  the 
range  and  extent  ot  the  several  systems  of  rocks. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

ALEX.  H.  H.  STUART,  Secretary. 
Asbxjry  Dickins,  Esq., 

Secretary  of  the  Senate  of  the  United  States. 


General  Land  Office,  J^Tovember  20, 1851. 

Sir  :  I  have  the  honor  herewith  to  submit  to  you  the  second  and  final 
leport  of  Messrs.  Foster  and  Whitney,  United  States  Geologists,  on  the 
geology  of  the  Lake  Superior  Land  District  in  Michigan,  (the  first  part  of 
which  was  published  last  ye^r,)  accompanied  with  sections  and  illustrations, 
and  a  general  map,  on  which  the  range  and  extent  of  the  several  systefiw  of 
rocks  are  defined.  This  report  was  ordered  to  be  printed,  by  a  resolution 
of  the  Senate  of  the  United  States,  at  the  last  session,  under  the  direction  of 
this  office.  The  "resolution,  however,  baviAg  omitted  to  make  any  special 
appropriation  for  the  work,  or  to  indicate  the  number  of  copies  to  be 

trmted,  it  is  suggested,  in  order  to  gain  time,  and  with  your  approbation,  to 
ave  the  work  contracted  for  by  the  Secretary  of  the  Senate,  in  the  usual 
manner,  and  to  the  usual  extent  authorized  by  law,  and  await  the  pleasure 
of  Congress  as  to  the  further  extent  of  the  publication. 

Li  all  matters  connected  with  the  accuracy  of  execution,  this  ofiice  will 
exercise  the  discretion  contemplated  by  the  resolution. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant^ 

J:  BUTTERFIELD,  Corrmtssumer. 
Hon.  A.  H.  H.  Stuart, 

Secretary  of  th€  Interior* 


IT  IKT&ODUCTION. 

Philadelphiai  Jfwemker  12, 1851. 

Sir  :  We  transmit  to  you  our  second  and  final  report  on  the  geology  of 
the  Lake  Superior  Land  District,  accompanied  with  sections  and  illustra- 
tions, and  a  general  map  on  which  the  ran^e  and  extent  of  the  several 
systems  of  rocks  are  denned.  Our  observations  have  been  extended  over 
an  area  of  little  l^ss  than  one  hundred  thousand  square  miles ;  and,  although 
the  whole  of  this  area  is  not  strictly  within  the  limits  of  the  district,  yet  a 
description  of  it  is  deemed  necessary  to  its  complete  elucidation. 

Nearly  the  whole  of  this  area  iis  an  unbroken  wilderness,  interspersed 
with  tangled  thickets,  almost  impassable  marshes  and  inland  lakes,  which 
retard  the  progress  of  the  explorer;  and,  even^  along  the  mountain  ranges 
where  the  rocks  approach  the  surface,  tiieir  presence  is  often  concealed  oy 
a  thick  covering  oi  moss.  It  is  only  on  the  precipitous  cliffs,  or  along  the 
beds  of  streams,  that  their  true  characters  are  revealed.  Even  in  a  densely 
populated  district,  every  road  that  is  constructed,  every  shaft  that  is  sunk,, 
and  every  quarry  that  is  opened,  reveals  some  interesting  fact  in  geology ;  and 
it  is  by  an  attentive  observance  of  these  artificial  excavations,  rather  than 
of  the  accidents  of  the  soil,  that  the  geologist  is  enabled  to  draw  correct 
conclusions.  In  the  prosecution  of  our  labors,  we  have  been  enabled  to* 
avail  ourselves  of  few  of  these  extraneous  aids.  Passing;  weeks  in  suc- 
cession in  the  midst  of  the  forest,  with  no  trace  of  the  works  of  man  around 
us,  except  the  surveyors'  lines,  we  have  encountered  difficulties  imknown 
and  unappreciated  by  geologists  in  a  more  civilized  and  less  inhospitable 
region.  Under  these  circumstances,  it  would  not  be  surprising,  if,  hereafter, 
when  the  country  becomes  more  thoroughly  opened,  and  the  means  of  com- 
munication more  direct,  it  were  found  necessary  to  alter,  in  some  respects, 
the  boundaries  of  the  several  systems  of  rocks.  Each  year  will  develop 
new  facts  and  fresh  materials  for  illustration. 

There  is  another  circumstance  to  which  we  deem  it  proper  in  this  con- 
nection to  allude.  It  was  the  desire  of  the  department  to  be  placed  in 
possession  of  the  results  of  these  explorations  at  the  earliest  period  practica- 
ble. We  were  instructed  to  press  forward  the  work  with  all  due  diligence 
to  completion.  We  have  been  in  charge  of  the  survey  a  little  more  than 
two  years.  During  the  first  year,  we  prepared  a  report  on  the  "  Geology 
of  the  Copper  Region,"  in  which  we  endeavored  to  define  the  boundaries 
of  the  cupriferous  belts,  and  exhibit  the  principal  phenomena  of  veins.  We 
now  transmit  the  condudk^  portion  of  the  wotk,  embracing  in  the  main 
tile  results  of  our  explorations  during  the  second  year. 

It  will  be  seen  that  there  are,  in  this  region,  two  great  metalliferous^ 
belts,  distinct  in  age  and  in  the  character  of  the  products ;  to  wit»  coppsft. 
and  IRON. 

There  is  already  a  lar^  interest  invested  in  the  eopper  mines,  and  their 
nroducts  are  to  be  found  in  the  principal  markets  of  the  United  States.  It 
1^  believed  that  the  supply  fhun  this  source  wfll  soon  meet  the  national 
copamBjptKHi. 

The  iron  Region  will  ultimately  prove  of  equal  Talue.  From  the  detaib 
ineorp«arated  in  this  report,  it  will  be  se«i  that  the  speeular  and  magnetic 
ores  are  here  developed  on  a  acale  of  magnitude,  and  in  a  state  of  purity,, 
ahnost  unprecedented. 

While  our  main  object  lias  been  to  trace  out  the  boundaries  and  deter-^ 
mine  the  quality  of  these  economic  materials,  w«  have  alio  endi^vored  to 
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incorporate  the  scientific  results  of  our  explorations,  such  as  the'  relative 
ages  of  the  different  groups  of  rocks,  the  character  of  the  fossils  entombed 
in  a  portion  of  thera,  and  the  conditions  of  the  ocean  in  which  they  were 
deposited. 

In  the  prosecution  of  this  work,  we  have  been  aided  by  Messrs.  James 
Hall,  of  New  York,  E.  Desor,  of  Massachusetts,  and  Charles  Whittlesey, 
of  Ohio,  whose  contributions  will  be  foimd  incorporated  in  the  pages  of 
this  report.  ' 

In  uie  exploration  of  a  portion  of  this  region,  we  were  also  aided  by 
Mr.  S.  W.  Hill,  of  Michigan.  Mr.  John  Burt,  for  many  years  a  surveyor 
in  this  region,  kindly  placed  his  notes  at  our  disposal. 

In  concluding  this  letter,  allow  us  to  express  our  thanks  to  you  person- 
ally for  the  disposition  manifested,  in  the  progress  of  the  survey,  to  facili- 
;tate  our  labors,  and  enable  us  to  carry  them  to  completion. 
We  arc,  sir,  with  great  respect, 

Your  obedient  servants, 

J.  W.  FOSTER, 
J.  D.  WHITNEY, 
17.  S,  Geologists  for  the  Lake  Superior  District. 

Hon.  Justin  Butterfield, 

Commissioner  of  the  General  Land  Office. 
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Track  of  a  vertebrate? 

XXXIII.  Page  219. 

Track  of  crustacean? 


NIAGARA  GROUP. 

XXXIV.  Page  220. 

Fig.  1.  HURONIA  vertebralis. 

2.  DiscosoRus  coNOiDEus — Specimen  worn,  showing  in- 
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4.  HuRONIA  AKNULATA. 
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XXXV.  Page  224. 

DiCTYONEMA   FENESTRATA. 

Specimen,  natural  size. 

Portion  enlarged. 

Proetus — Species  undetermined;    compare  Proetus- 

latifronSy  Mem.  Geol.  Surv.  Great  Britain,  Vol.  Uy 

Part  1,  p.  337,  PI.  6,  Fig.  1. 
.   Phacops  anchiops. 
Part  of  the  head,  showing  posterior  central  spine. 
Similar  head,  showing  the  prolongation  of  the  poste* 

rior  part  of  the  chieeks. 
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Map  of  the  Iron  Region. 
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LAKE  SUPERIOR  LMD  DISTRICT. 


PART    II. 


CHAPTER  I. 

CLASSIFICATION  AND  NOMENCLATURE  OF  THE  ROCKS. 

Tabular  Arrangement  of  the  different  Formations. —  Terms  defined. —  Be- 
lations  of  the  Igneous  and  .Aqueous  Formations.^—  The  Azoic  System. — 
The  Silurian  System, —  Confusion  in  JVomenclature. —  Synonymy  of  the 
Groups  in  different  Regions. —  Explanation  of  the  General  Map  and 
Section. 

In  Part  T.  of  this  Report,  coraraiinicated  to  the  Commissioner  of  the  Gene- 
ral Land  OHIice  in  1j830,  and  published  in  18?51,  we  have  pciven  a  historical 
sketch  of  the  exploration  of  the  country  bordering  on  Lake  Superior,^ 
description  of  its  physical  geography  and  c'imate,  and  so  much  of  its  geo- 
Ic^y  as  was  necessary  to  the  full  elucidation  of  the  copper- bearing  rocks 
and  their  relation  to  the  sedimentary  formations  ;  this  Mn^  the  subject  to 
which  that  part  of  the  report  was  principally  devoted.  The  two  concluding 
chapters  contained  an  account  of  the  drift  phenomena  so  conspicuously 
displayed  in  the  reirion  of  the  great  lakes. 

In  Part  I[.  of  this  Report,  we  shall  proceed  to  the  detailed  and  sys- 
tematic description,  so  far  as  our  materials  will  enable  us,  of  the  geology 
of  the  whole  of  the  Lake  Superior  Land  District,  commencing  with  those 
formations  which  arq  the  lowest  in  the  scale  of  geological  succession,  or 
those  which  were  the  first  formed,  and  ascending  to  those  which  are  now 
in  the  progress  of  accumulation.  We  shall  only  allude  to  the  results  of  the 
former  part  of  the  report,  so  far  as  it  may  be  necessary  to  enable  the 
reader  to  fprm  a  connected  idea  of  the  geology  of  th^  whole  r^^QXi« 
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The  foliow-ijjg  table  exhibits  the  names  and  the  order  of  succession  of  the 
geological  groups  which  have  been 'recognized  as  existing  within  the  limits 
of  our  district. 
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OF   VARIOUS   AGES.     i 


AZOIC   SYSTEM. 


SILURIAN   8'iSTEM.      i 


Plutonic  J  ^J^"!*^' 
Rocks  ^  Syenite, 
nocKs.  ^  Feldspar  and  Quartz  rock. 

Tranncaii  f  Greenstone,  or  Dolerlte,  P6rpTiyry, 
irappean,    g^^j^^  Amygdaloid, 

Vnir»»im>  \  lloinblendc  and  Serpentine  Rocks, 
Rocks.     1  ^"8®*  of  Specular  and  Magnetic  Oxide  of 
^        Iron. 

Gneiss,  Mica  and  ITomblende  Slate, 
Chlorite,  Talcose  and  Argillaceous  Slate, 
Beds  of  Quaitz  and  Sacchuroidal  Marble. 


Lower.'  ^ 


Upper. 


Potsdam  Sandstone. 
Galciforous  Sandstone. 
Ghazy  Limestone. 
Birds-eye  Limestone. 
Black-River  Limestone. 
Trenton  Limestone. 
Galena  Limestone. 
Hudson-River  Group. 

Clinton  Gro«ip. 
Niagara  Groiip. 
Onondaga  Salt  Group. 


DEVONIAN  SYSTEM. .  .  .  Upper  Heldcrberg  Scries. 


I 


DRIFT   SYSTEM. 


ALLUVIAL  DEPOSITS. 


Beds  of  Sand,  Clay  and  Gravel  rudely  stratified. 
Transported  Blocks  of  Granite,  Greenstone,  &c. 


i 

iSand  and  Pebble  Beaches,  Marshes,  Flats,  Ilooks,  Spits, 
Dunes,  &c. 
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The  term  rock^  according  to  the  arrangement  of  M.  Constant  Prevost,* 
is  applied  to  masses,  or  beds,  whether  the  elements  composing  them  be 
bocaogenous,  or  complex :  formation  explains  their  origin,  while  system 
designates  the  relative  ages  of  the  different  parts. 

Two  sets  of  causes  have  operated  simultaneously  to  produce  the  vririous 
compounds  which  compose  the  crust  of  the  earth :  these  are  the  igneocxs 
ai>d  the  aqueous.  The  rocks  resulting  from  the  first,  or  igneous  set,  have 
a  crystalline  aspect,  and  contain  certain  mineral  substances,  such  as  feld- 
spar, mica,  hornblende,  pyroxene,  &c.,  constituting  great  irregular  masses, 
and  traversed  by  divisional  planes,  pursuing,  for  the  most  part,  a  unilbrra 
direction. 

The  rocks  resulting  from  the  second,  or  aqueous  set,  j^re  arranged  in  sedi- 
mentary deposits,  divided  into  strata,  beds,  layers,  &c.,  composed,  for 
the  most  part,  of  argillaceous,  calcareous  and  arenaceous  particles,  and 
often  contain  numerous  organic  remains. 


•  Article  "  Foescation"  Dictionnaure  Univcrsel  d'  Histoiro  NatureUo. 


3  [41 

In  addition  to  the  two  grand  classes  of  forraatidns,  igneous  and  aqueous 
it  is  net-essary  to  establish  two  orders  of  mixed  formations.  Where  the 
materials  were  formed  in  the  interior  of  the  earth,  and  ejeyted  by  the  action 
of  fire,  but  subsequently  modified  by  the  action  of  water,  which  transported 
and  deposited  them  in  stratified  beds,  such  as  trap-tuf,  peperinOj  &.C.,  often 
enclosing  organic  remains;  these  are  called  Pluto-Neptunian 

On  the  other  Hand,  those  rocks  which  were  deposited  by  water,  and 
afterwards  modified  by  the  action  of  heat,  changing  their  charactei  and 
causing  them  to  resemble  igneous  formatioas,  such  as  the  crystalline  schutSy 
saccharoldal  marbles,  &c.,  these  are  called  metamorphic.  Thus  far  the 
arrangement  of  M.  Prevost. 

Each  system  of  detrital  rocks  in  this  district,  if  we  except  the  diiTt,  is 
characterized  by  the  presence  of  igneous  products,  which  ditfer  as  much,  one 
from  .-mother,  as  the  sedimentary  systems.  Thus,  the  oldest  class  of  igneous 
products  consists  of  hornblende  and  feldspar  rocks,  and  serpentine  rocks,  and 
may  be  regirded  as  contemporary  with  the  azoic  system.  Next  in  order 
are  the  granites  and  syenites,  which  are  intermediate  in  age  between  the 
azoic  and  Silurian  systems.  These  are  traversed  by  at  least  two  systems 
of  greenstone  dykes  which  are  anterior  to  the  purely  sedimentary  (Ie])Osits. 
Contemporaneous  with  the  lower  portion  of  the  Silurian  system,  are  the 
beddt'd  traps  and  amygdaloids  of  Keweenaw  Point,  Isle  Roy  ale  and  the 
Ontonagon  region;  and,  although  composed  of  nearly  the  same  constituents 
as  many  of  the  older  igneous  rocks,  there  is  no  difficulty,  from  the  diversity 
in  external  characters,  in  drawing  the  line  of  demarcation  between  them,— 
the  older  being  compact  or  crystalline,  but  never  amygdaloidal. 

Below  all  the  fossiliferous  groups  of  this  region,  there  is  a  class  oi  rocks, 
consisting  of  various  crystalline  schists,  beds  of  quartz  and  saccharoidal 
mtrble,  more  or  less  metamorphosed,  which  we  denominate  the  Azoic  sys- 
tem. This  terra  was  first  applied  by  Mur  hison  and  de  Verneuil  to  designate 
those  crystalline  masses  which  preceded  the  palaeozoic  strata.  In  it,  they 
inclu  le  not  only  gneiss,  but  the  granitic  and  plutonic  rocks  by  which  it 
has  been  invaded.  We  adopt  the  term,  but  limit  its  signification  to  those 
rocks  which  were  detrital  in  their  origin,  and  which  were  supposed  to  have 
been  formed  before  the  dawn  of  organized  existence.  This,  however,  is  a 
mooted  point.  Lyell,  on  the  one  hand,  maintains  that  animal  organisms  may 
yet  be  detected  below  what  is  now  regarded  as  the  oldest  f  )ssiliff  rous  group  ; 
while,  on  the  other  hand,  Murchison  contends  that  it  is  highly  probal)le 
we  have  reached  the  point  where  organized  existence  first  stnrted.  We 
incline  to  the  latter  view ;  and  are  disposed  to  regard  these  deposits  as 
bavirig  been  accumulated  before  the  dawn  of  animal  life,  rather  than  that 
org.infsms  flourished,  died  and  were  entombed  in  the  rocks,  and  that  their 
remains  have  become  obliterated  by  the  long-continued  action  of  heat. 

The  Silurian,  or  protozoic  system,  as  it  is  sometimes  called,  since  here 
we  find  the  first  traces  of  organized  existence,  is  represented  in  this  district 
from  its  summit  to  its  base.  Much  confusion  prevails  with  regard  to  the 
nomenclature  of  the  different  groups  composing  it.  The  various  State  sur- 
veys, while  they  have  developed  many  valuable  facts,  have,  also,  originated 
a  multitude  of  local  names.  They  started  about  the  time  that  Murchison 
first  promulgated  his  subdivision  of  the  Transition  rocks  ;  and  while  Ameri- 
can geologists  recognized  the  great  leading  features  of  that  subdivision,  they 
fiuled  to  netect  subordinate  groups.  There  existed  in  this  country,  no  stan.- 
dard  of  comparison,  and  hence  arose  a  variety  of  names,  AocsA  \tv  \)w^\x  %:^ 
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plication,  and  often  founded  on  the  lithological,  instead  of  the  zoological 
characters  cf  the  rocks.  Unfortunately,  few  of  these  surveys  were  carried 
to  completion,  so  that  the  geologists  in  charge  were  unable  to  adopt  a  na- 
tional nomenclature. 

The  New  York  geologists  have  divided  the  Silurian  system,  as  developed 
in  that  state,  into  eleven  groups,  while  some  of  the  Western  geologists  re- 
cognize, in  iU  western  extension,  but  five.  Between  the  two  systems  of 
classification  there  is  no  eonimunity  of  names. 

The  geographical  position  of  our  district  is  such  as  to  form  a  connecting 
link  between  the  East  and  the  West.  While,  on  the  one  hand,  the  New 
York  and  Canadian  geologists  have  traced  the  Silurian  groups  up  to  the 
eastern  borders  of  our  district;  on  the  other  hand,  the  geologists  of  Michi- 
gan, Iowa,  Wisconsi;!  and  other  states,  have  t  actd  the  same  groups,  though 
under  diifcrent  names,  along  their  southern  and  western  prolongation,  witn- 
out  having  attempted  to  ivLntii'y  them  with  their  eastern  equivalents,  or  to, 
sdb  11  vide  them  according  to  the  palseontological  evidence. 

Under  these  ciciimstance*?,  we  have  endeavored  to  connect  the  two  sets 
of  observations  and  blend  them  into  one  harmonious  whole.  As  the  New 
York  survey  is  the  only  instance  in  which  the  matured  results  have  been 
communicated  to  the  public,  and  as  the  volumes  on  the  palaeontology — a 
monument  of  the  research  and  perseverance  of  the  author,  Mr.  Hall — will 
form  the  standiird  of  reference  for  the  whole  country,  in  determining  the 
succession  of  the  Silurian  groups,  we  have  deemed  it  advisable  to  adopt 
that  nomenclature,  so  far  as  the  same  groups  described  by  the  New  York 
geologists  could  be  recognized  in  our  district. 

The  designation  of  groups  of  strata  by  names  derived  from  their  geogra- 
phical portion,  or  from  the  locality  in  which  the  rocks  are  fii*st  investigated 
and  their  relative  position  clearly  defined,  seems  to  be  of  all  the  methods  of 
nomenclature  that  which,  for  the  present  at  least,  is  liable  to  the  least  ob- 
jection. Names  given  solely  with  reference  to  lithological  character,  or  to 
the  presumed  predominance  at  any  particular  point  of  a  certain  genus  or 
class  of  organic  remains,  seem  much  more  likely  to  lead  to  misunderstand- 
ing and  confusion  ;  and,  however  desirable  it  may  be  that  a  universal  system 
of  nomenclature  and  arrangement  should  be  introduced,  it  seems  quite  im- 
possible to  hope  for  any  such  thin^  in  the  present  state  of  geological  science, 
a  science  which  is  so  rapidly  developing,  and  liable  to  such  constant  changes. 
The  names  introduced  by  the  New  York  geolomsts,  are  in  most  instances 
.derived  from  the  locality  w^here  the  group  designated  is  particularly  well 
developed,  and  the  fact  that  those  groups  have,  in  their  continuation  through 
Canada,  been  described  by  Mr.  Logan,  the  Provincial  Geologist,  under  the 
na*nes  recognized i)y  the  New  York  survey,  seeins  an  additional  reason  for 
their  adoption,  as  far  as  possible,  by  us. 

It  will  be  seen  from  the  details  incorporated  -in  a  subsequent  part  of  tl  "s 
report,  that  many  members  of  the  Silurian  series,  particularly  the  grits  and 
conglomerates,  which  are  clearly  defined  in  New  York,  have  but  a  limited 
range,  and  disappear  altogether  before  reaching  the  limits  of  our  district. 
These  are  conditions  which  we  ought  to  expect  woud  exist  in  deposits  made 
along  a  shelving  oceau'shore ;  but  so  fir  as  these  are  persistent,  it  seeins 
desirable  that  they  should  bear  the  same  names  throughout  their  whole 
extent. 
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The  following  is  the  synonomj  of  the  groups  of  the  systems  oevcioped 
in  this  region,  according  to  the  nomcnciaturf.s  adopted  in  the  reports  of  the 
different  surveys. 

Nile  Tor ^- aTtd  iM/.r  Superior,  \  rcunsyh'a7iii:rand  Virgiuia.    |    Ohio   Iowa  ayid  Wisconnn, 


AZOIC    SYSTEM, 

(Not  classified  in  New  York.) 


Potsdam  Sandstone. 


Cftlciferoiis  Sand^ne. 


Trenton  Gvo^p  (including 
Chazy,  Birtis-vye,  and  Black- 
river  Limestone.) 

Galena  Limestone  (not  re- 
cognized in  New  York.) 


AZOIC    SYSTEM. 
A20IC    SCniSTOSE  SEUIES. 

SILURIAN    SYSTEM. 

)  Primal  Sandstone,  or  For- 
mation No.  L 

{Lower  part  of  tlie  Matinal 
Series,  or  part  of  No.  H. 


MF.TAMORPniC    &0CK8. 

(Wanting  in  Ohio  and  Iowa.) 


! 


Hud3on-river  Gronp. 


Midd.c  part  of  MaMiuil  Sc- 
ries, or  part  of  -N*'.  H. 


Not   rccogni/'ed    m   Penn- 
sylvania and  Virginia. 


Matinal  Shale?,  or  No.  IIL 


Medina  Sandstone  and  Clin-    \  Part  of  the  Levant  Series, 
ton  Gruu]). 

Niagara  Group. 


i  Part  of  the  Levar 
I  ('r  jiart  of  No.  V. 

4  Part 
I  or  pi 

Onondaga  Salt  Group.  j  ^.^^^'"^  ^^  " 


Lower  Sandstone,  or  Forma- 
tion 1,  wanting  in  Ohio. 

Lower  Magne.sian  Limestone, 
F.  1,  wanting  in  Ohio. 

Fossiliferous  Limestone,  No. 
3.   liliio  Limestone  and  Marls 

of  tliy  We«t. 

Erroneously  regarded  as  tlie 
(Mpiivalent  of  the  Clift,  or  Up- 
per Magnej;ian  Limestone. 

Associated  with  No.  3,  or  the 
liliie  Lime>itone  and  Marls  of 
Ohio. 

Not  recognized  at  tl»c  West. 


Part  of  the  Levant  Series, 
irt  of  No.  V. 


ie  Levant  Sc- 
DEVONIAN    SYJ.TEM. 


Upper  Helderberg  Limestone. 


I 


Cliff  LinicKtonc  of  Ohio  and 
indiana.  U])per  Mognesian 
Limestone. 


Upper    portion   of  the  Cliff 
Liuiostoue. 


EXPLANATION    OF    THE    MAP. 


Accompany inir  this  report,  will  be  found  a  general  Geological  Map  of 
the  region  over  which  our  observations  have  extended,  on  which  we  have 
attempted  to  delineate  by  a  system  of  colors,  so  far  as  practicable,  the 
boi/ndaries  of  the  several  groups  of  rocks  embraced  in  the  above  table. 
Although  we  have  succeeded  in  recognizing  most  of  the  minor  groups,  such 
as  the  Chazy,  Birds-eye,  Black-river  limestones,  and  also  the  Medina 
sandstone  and  Clinton  groups,  not  only  by  their  lithological  characters,  but 
by  their  fossil  contents,  yet  their  geographical  range  is  so  limited  that  they 
cannot  well  be  represented  on  a  map  of  this  contracted  scale.  By  adopting 
a  set  of  symbols,  we  have  endeavored  to  represent  minor  phenomena,  such 
as  the  bearing  and  inclination  of  the  strata,  and  in  many  instances  their 
mineral  associations. 

In  preparing  the  geology-  of  the  northern  coast  of  Lake  Superior,  we 
have  availed  ourselves  of  the  labors  of  Mr.  Logan,  the  distinguished  Pro- 
Tiacial  Geologist  of  Canada.    We  have  had  leaa  idvx^X^u^^  vci  '^t^^ti^'avs^ 
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an  epitome  of  his  investigations,  lor  the  reason  that  his  reports  of  progress 
have  had  but  a  limited  circulation  in  the  llnited  States,  and  for  the  addi- 
tional reason  that  they  tend  to  elucidate  the  geology  of  our  own  district. 

EXPLANATION   OF   THE   GENERAL   SECTION. 

The  General  Section  appended  to  this  report  has  been  constructed  for 
the  purpose  of  exhibiting  not  only  the  different  systems  of  stratified  rocks 
which  prevail  in  this  district,  and  the  relative  positions  of  the  granitic  and 
trappean  formations ;  but  is*  also  designed  to  represent  a  geognostic  pro- 
file of  the  route  traversed,  in  which  the  relative  heights  of  the  most  promi- 
nent points  above  the  level  of  Lake  Superior  are  given.  We  have,  also, 
constructed  a  ground  plan  on  which  the  topographical  features  of  the  region, 
along  the  Une  of  the  section,  are  delineated — a  feature  not  J^itherto  intro- 
duced into  works  of  this  character,  but  which  is  calculated  to  afford  the 
inquirer  essential  aid. 

This  section  commences  at  the  head  of  Thunder  Bay,  en  the  north-west 
coast  of  Lake  Superior,  and  terminates  at  the  mouth  of  the  Menomonee 
river  of  Green  Bay,  pursuing  a  course  of  about  N.  IS^  \V.  and  S.  18^  E. 
Its  entire  length  in  a  direct  Tine  is  nearly  260  miles.  The  scale  of  height 
has  been  made  to  conform  as  closely  as  possible  to  that  of  length,  •with  a 
due  regard  to  the  representation  of  all  the  phenomena. 

We  have  not  attempted  to  represent  the  drift  deposits  which  are  plenti- 
fully distributed  over  nearly  the  entire  region. 

We  propose  to  give  a  brief  explanation  of  the  phenomena  deUneated  on 
the  section. 

Commencing  a  few  miles  inland  from  Thunder  Bay,  we  meet  with  a  range 
of  granite,  belonging  to  the  oldest  system  of  upheaval,  around  which  the 
upper  beds  of  the  azoic  system  are  deposited  in  a  horizontal  position.  At 
Thunder  Cape  and  Pie  island,  these  slates  are  exposed  in  a  nearly  vertical 
section  a  thousand  feet  in  thickness,  with  a  crowning  overflow  of  trap  of 
about  300  feet. 

The  greater  portion  of  Isle  Royale  is  composed  of  trappean  rocks  of  the 
Silurian  epoch,  which  do  not  rise  in  great  irregular  masses,  but  present  a 
bedded  structure.  On  the  southern  slope  of  the  island,  we  meet  with  inter- 
calations of  sandstone  and  conglomerate,  dipping  with  considerable  uni- 
formity to  the  south-east.  The  southern  margin  of  the  island,  between 
Siskawit  Bay  and  the  point  south  of  Washington  Harbor,  as  well  as  the 
various  reefs,  consists  of  conglomerate  passing  into  sandstone;  and  we  have 
no  evidence  of  the  invasion  of  the  trap  between  this  line  and  the  southern 
coast. 

Keweenaw  Point  is  the  counterpart  of  Isle  Royale,  except  that  the  dip 
of  the  sedimentary  rocks  is  reversed  ;  thus,  rendering  it  highly  probable  that 
between  these  two  points  there  is  a  great  curvature  in  the  strata,  caused  by 
•an  elevation  along  the  lines  of  two  volcanic  fissures.  The  alternations  of  con- 
glomerate and  trap  are  much  more  numerous  on  the  northern  slope  of  Ke- 
weenaw Point  than  on  Isle  Royale,  Jind  the  latter  attain  a  much  greater 
thickness.  The  productive  veins  of  copper  are  restricted  to  the  trap,  al- 
though in  many  instances  the  fissures  traverse  the  conglomerate.  This  con- 
glomerate is  not,  strictly  speaking,  a  sedimentary  rock,  but  in  the  nature  of 
a  tuff  or  peperino,  and  is  due  to  the  joint  action  of  fire  and  water.  On  the 
southern  slope  of  the  axis,  the  sandstone  which  is  here  a  purely  sedimentary 
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rock,  and  the  equivalent  of  the  Potsdam,  is  seen  dipping  away  from  the 
crystalline  trap  at  a  high  angle ;  but  at  a  short  distance  from  the  line  of 
igneous  outburst,  it  verges  towards  horizontality ;  and  all  along  the  coast  to 
near  the  head  of  Keweenaw  Bay,  it  presents  a  series  of  gentle  undulations. 
A  short  distance  above  the  Methodist  Mission  at  L'Anse,  it  is  seen  reposing 
unconformably  on  the  slates  of  the  azoic  system. 

From  this  point  to  Chippewa  island,  in  the  Menomonee  river — a  dis- 
tance in  a  direct  line  of  more  than  80  miles — the  country  is  occupied  by 
rocks  of  the  azoic  system,  consisting  of  various  crystalline  schists,  beds  of 
quartz,  saccharoidal  marble,  and  immense  deposits  of  specular  and  magnetic 
oxide  of  iron.  They  are  invaded  at  numerous  points  by  igneous  rocks,  both 
granitic  and  trappean. 

At  Chippewa  island,  the  Potsdam  sandstone  is  seen  reposing  upon  the 
upturned  edges  of  the  slates,  or  occupying  the  preexisting  depressions  in  the 
igneous  rocks.  To  this  succeed  the  calciferous  sandstone,  and  the  Trenton 
Lmestone.  Tiie  bed  of  Green  Bay  has  been  excavated  in  the  Hudson-river 
group,  while  the  Niagara  and  Onondaga  limestones,  being  more  indestruc- 
tible, form  a  barrier  reef  on  the  east,  known  as  the  peninsula  of  Green 
Bay. 
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CHAPTER  n. 

AZOIC    SYSTEM. 

Various  crystalline  Schists^  forming  the  primeval  Crust  of  the  Earth,^^ 
Contortions  to  which  they  have  been  subjected, — Presence  of  Igneous 
Rocks. — Condition  of  the  Earth  at  the  time  of  their   Formation, — 

,  Effects  of  Metamorphism, — This  System  characterized  by  an  entire  J?6- 
sence  of  Organic  Remains, — Supposed  Causes  of  their  Ahseixce, —  Geo* 
graphical  Distributiqn  of  these  Rocks  on  the  northern  Coast  of  Lake  Su* 
perior, — Divided  into  two  Groups, — Associated  Igneous  Rocks, — Me* 
tallic  ContcTits, — Their  Relation  to  the  Silurian  Strata. —  Their  Dis* 
trihuiion  on  the  southern  Shore, — External  Characters,- — Igneous  Pro* 
ducts,^— Lines  of  Lamination  in  Slates, — Prevalence  of  Iron. — Diffir 
culty  in  estimating  the  Thickness  of  this  Group, — Contortions  of  the 
Strata, — Remarks  on  the  existence  of  this  System  in  other  parts  of  the 
World. 

The  Azoic  System — so  called  from  the  entire  absence  of  organic  remains 
— comprises  the  most  ancient  of  the  strata  which  form  the  crust  of  the 
earth.  They  consist  for  the  most  part  of  gneiss,  hornblende,  chlorite, 
talcose  and  argillaceous  slates,  interstratified  with  beds  of  quartz,  saccha- 
roidal  marble  and  immense  deposits  of  specular  and  magnetic  oxide  of  iron. 
Most  of  these  rocks  appear  to  have  been  of  detrital  origm,  but  greatly  trans- 
formed by  long-continued  exposure  to  heat.  They  are  sub-crystalline  or 
compact  m  their  structure,  and  rarely  present  unequivocal  signs  of  stratifi- 
cation. They  exhibit  the  most  violent  dislocations  ;  in  one  place  the  beds 
are  vertical,  in  another,  reversed,  and  in  another,  present  a  succession  of 
folded  axes. 

Intermingled  with  them  is  a  class  of  rocks  whose  igneous  origin  can 
hardly  be  doubted,  and  to  whose  presence  the  metamorphism  so  character- 
istic of  this  series,  is  in  some  measure  to  be  ascribed.  They  consist  of  va- 
rious proportions  of  hornblende  and  feldspar  forming  traps  and  basalts,  or 
where  magnesia  abounds,  pass  into  serpentine  rocks.  They  appear  in 
some  instances  to  have  been  protruded  through  the  preexisting  strata  in  the 
form  of  dykes  or  elvans ;  in  others  to  have  flowed  in  broad  lava  streams 
over  the  ancient  surface  ;  and  in  others  to  have  risen  up  through  some  wide- 
expanding  fissure,  forming  axes  of  elevation. 

Most  geologists,  at  this  day,  admit  that  the  earth  was  originally  in  a  fluid 
state  and  refer  to  heat  as  the  solvent  power;  that  the  earth  gradually  parted 
with  portions  of  this  heat  so  as  to  allow  the  materials  to  crystallize  and 
form  a  crust  around  the  incandescent  nucleus ;  that  the  waters  acting  on 
this  crust  detatched  particles  of  matter  and  carried  them  far  into  the  ocean, 
where  they  were  deposited  in  extensive  beds,  or  strata ;  and  that  by  long- 
continued  exposure  to  heat,  they  assumed  the  crystalline  character  which 
thpy  now  present.  Their  transformation  in  aggregation,  structure  and 
chemical  composition,  has  not  resulted  from  mere  contact  with  plutonic  or 
rp)caiuc  masses^  but  from  gaseous  sublimations  which  accompany  erupted 
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recks,  intense  pressure  and  electro-chemical  agencies  generated  in  the  vast 
laboratory  of  Mature. 

"  If  we  consider  our  planet  as  a  cooling  mass  of  matter,"  observes  De  la 
Beche — the  great  practical  and  theoretical  geologist  of  England — "  the 
present  condition  of  its  surface  being  chiefly  due  to  such  a  loss  of  its  origi- 
nal heat  by  long-continued  radiation  into  the  surrounding  space,  that,  from 
having  been  wholly  gaseous,  then  fluid  and  gaseous,  and  subsequently  solid, 
fluid  and  gaseous,  the  surface  at  last  became  so  reduced  in  temperature,  and 
so  little  atFected  by  the  remaining  internal  heat,  as  to  have  its  heat  chiefly 
regulated  by  the  sun, — there  must  have  been  a  time  when  solid  rock  was 
first  formed,  and  also  a  time  when  heated  fluids  rested  upon  it.  The  latter 
would  be  conditions  highly  favorable  to  the  production  of  crystalline  sub- 
stances, tind  the  state  of  the  earth's  surface  would  then  be  so  totally  dif- 
ferent from  that  which  now  exists,  that  mineral  matter,  even  abraded  from 
any  part  of  the  earth's  crust,  which  may  have  been  solid,  would  be  placed 
under  very  different  conditions,  at  these  different  periods:  we  could  scarcely 
expect  that  there  would  not  be  a  mass  of  crystalline  rocks  produced  at  first, 
which,  however  they  may  vary  in  minor  points,  should  still  preserve  a  gene- 
ral character  and  aspect ;  the  result  of  the  first  changes  of  fluid  into  solid 
matter,  crystalline  and  sub-crystalline  substances  prevailing,  intermingled 
with  detached  portions  of  the  same  substances,  abraded  by  the  movements 
of  the  first-formed  aqueous  fluids." 

Chemists  have  shown  that  similar  materials,  when  fused,  yield  dissimilar 
products,  dependent  on  the  rapidity  or  slowness  with  which  they  cooled, 
and  the  degree  of  pressure  to  which  they  have  been  subjected.  The  re- 
searches of  Mitscherlich  and  Gustav  Rose  have  thrown  much  light  on  the 
process  of  metamorphism.  The  artificial  mineral  products,  such  as  garnet, 
idocrase,  magnetic  oxide  of  iron,  &c.,  and  even  some  of  the  rarer  gems 
which  have  been  produced  in  the  laboratory  of  the  chemist,  or  found  among 
the  scorias  of  furnaces,  afford  us  an  insight  as  to  the  manner  in  which  na- 
ture has  operated  on  a  grander  scale. 

Since  the  theory  of  metamorphism  has  been  generally  recognized,  many 
of  the  rocks  which  were  formerly  regarded  as  igneous,  are  now  referred  to 
aqueous  agency,  and  the  transformations  which  they  may  have  undergone 
traced  to  the  presence  of  erupted  rocks. 

Von  Buch  has  shown  that  the  gneiss  around  the  Gulf  of  Finland  has  been 
pro<luced  by  the  metamorphic  action  of  granite. 

Hoff"man  points  out  an  instance  in  the  Fichtelgcbirge,  in  which  argilla- 
ceous schist,  which  can  be  traced  for  sixteen  miles,  is  transformed  into 
gneiss  only  at  the  two  extremities,  where  they  come  in  contact  with  granite. 

In  the  Pyrenees,  compact  limestone  is  changed  into  pjranular  limestone, 

'^ where  it  comes  in  contact  with  the  erupted  rocks.     The  dolomite  of  the 

southern  Tyrol  and  of  the  Italian  side  of  the  Alps,  is  but  a  metamorphism 

of  calcareous  beds,  exhibiting  no  signs  of  stratincation,  and  no  vestiges  of 

organic  remains. 

The  marbles  of  Carrara  and  Siena,  which  have  afforded  so  many  blocks 
for  sculpture,  and  which  were  formerly  cited  as  examples  of  "  primitive  lime- 
stone," are  as  recent  as  the  Oolite,  while  the  sandstones  which  flank  the 
Appenines,  and  were  once  supposed  to  rest  at  the  base  of  the  fossi!iferous 
•eries,  are  proved  to  belong  to  the  tertiary.  So  too,  the  slates  of  GlariF, 
which  were  formerly  regarded  as  transition,  have  been  pTO\eA\i^   k^^vi.^ 

(irom  the  fishes^  to  Wlong  to  a  period  a^  recent  as  tlie  c\ia\k^ 
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The  vast  beds  of  quartz  in  South  America,  Which  rise  in  mountains  7000 
or  8000  feet  in  height,  are,  probably,  but  transformed  beds  of  sandstone. 

The  ribboned  jaspers  of  Orsk,  in  the  Ural,  according  to  Gustav  Rose, 
are,  in  all  instances,  in  direct  contact  with  greenstone  porphyry,  and  are 
but  highly  silicified  schists. 

Murchison  and  de  Verneuil  have  observed,  in  the  Ural,  the  sandstones, 
limestones  and  shales  of  the  Silurian  and  carboniferous  s} stems  passing 
into  chlorite,  talcose,  and  quartzose  rocks,  with  beds  of  crystalline  marble, 
as  they  approach  the  lines  of  eruptive  agency. 

It  is  needless  to  cite  further  examples  of  metaraorphism.  From  the  ^ 
countless  analogies  which  exist,  we  are  authorized  in  the  inference  that '  ' 
gneiss  is  a  highly  metamorphosed  form  of  shale,  quartz  of  sandstone,  and 
saccharoidal  marble  of  calcareous  beds.  We  shall,  therefore,  in  treating 
of  the  various  schists,  marbles  and  quartzose  rocks,  regard  them  as  sedi- 
mentary deposits,  transmuted  by  eruptive  agency.  We  shall  recognize  no 
rock  as  purely  igneous,  unless  it  occur  in  vast,  irregular  masses,  like  granite; 
in  dome-shaped,  or  crater-like  summits,  like  basalt,  or  trachyte ;  in  long 
lines,  like  dykes,  or  elvans,  cutting  through  the  incumbent  strata ;  in  rami- 
fying veins,  like  granite ;  or  broad  lava  sheets,  like  trap.  Yet,  with  these 
restrictions,  there  are  many  rocks  in  this  district  which  almost  defy  classifi- 
cation. 

In  the  earlier  periods  of  the  earth's  history,  igneous  causes  operated  with 
greater  force  and  intensity,  and  hence  it  is,  that  the  ancient  sedimentary 
deposits  differ  so  widely  from  those  belonging  to  more  recent  epochs. 

This  system,  as  its  name  implies,  is  characterized  by  an  entire  absence  of 
the  remains  of  animal,  or  vegetable  life.  It  is  reasonable  to  suppose  that 
there  was  a  time  in  the  history  of  our  planet,  when  its  crust  was  subject  to 
constantly-recurring  volcanic  paroxysms,  when  mephitic  vapors  were  es- 
caping through  extensive  fissures  communicating  with  the  interior,  and 
when  the  waters  were  in  a  heated  condition,  and  differed  perhaps  chemi- 
cally from  those  of  the  existing  oceans.  Under  such  conditions,  we  ought 
not  to  look  for  any  types  of  animal,  or  vegetable  life. 

Many  eminent  geologists  maintain  that  the  lowest  stratified  rocks  are  but 
portions  of  the  Silurian,  or  Cambrian  system;  and  that,  from  long'-continued 
exposure  to  heat,  the  lines  of  stratification  have  become  obscure,  ard  all 
traces  of  organic  remains  obliterated.     Our  investigations  in  this  district 
have  led  us  to  a  different  conclusion.     If  the  Potsclam  sandstone  rests  at 
the  base  of  the  palaeozoic  series,  if  from  that  epoch  we  are  to  date  the  dawn 
of  animal  creation,  there  is  in  this  district  a  class   of  obscurely   stratified 
rocks  interposed  between  the  Silurian  system  and  the  granite, — ^rocks  dis- 
tinct in  character,  unconformable  in  dip  and  destitute  of  organic  remains. 
They  have  been  so  far  transformed  by  direct  or  transmitted  neat  as  to  ex- 
hibit few  traces  of  their  original  character.     Sandstone  has  been  converted 
into  massive  quartz,  limestone  into  saccharoidal  marble  arid  shales  into  hard 
crystalline  schists.     If  we  found  these  rocks  graduating  into  stratified  de- 
posits of  sandstone,  shale  and  limestone,  as  we  receded  from  the  Hues   of 
Igneous  outburst,  and  enveloping  the   remains  of  animals  and   plants,  we 
should  be  led  to  a  different  conclusion  ;  but,  so  far  from  it,  the  evidence  is 
ample  that  the  strata  which  form  the  base  of  the  Silurian  system  repose  on 
the  upturned  edges  of  the  metamorphosed  rocks,  and  that  the  causes  by 
which  their  metamorphism  was  effected  had  ceased  to  operate  before  the 
deposition  of  the  fossiUferous  strata.    Between  the  two  systems  there  is  a 
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clear  and  well-defined  line  of  demarcation.  It  forms  one  of  those  great 
epochs  in'the  history  of  the  earth,  where  the  geologist  can  pause  and  sat- 
isfy himself  of  the  correctness  of  his  conclusions.  On  the  one  hand^  he 
sees  evidence  of  intense  and  long  continued  igneous  action ;  on  the  other, 
of  comparative  tranquility  and  repose. 

Few  regions,  perhaps,  afford  ampler  facilitii?s  tlian  this,  for  the  investiga- 
tion of  the  early  history  of  our  planet,  or  at  leasi  of  that  portion  extend- 
ing back  from  the  termmation  of  the  Silurian  epoch  to  the  first-formed  or 
azoic  schists,  "  when  the  waters  were  gathered  together  unto  one  place 
and  the  dry  land  appeared,  "  and  although  a  few  leaves  may  be  wanting, 
enough  remain  to  form  a  connected  and  intelHixible  record.  * 

Having  thus  taken  a  general  view  of  the  origin  of  the  azoic  system  we 
will  now  proceed  to  describe  its  geographical  distribution. 

AZOIC   SERIES   ON   THE   NORTHERN   SHORE. 

The  rocks  of  which  it  is  composed  are  developed  on  an  extensive  scale, 
both  on  the  northern  and  southern  margin  of  the  Lake  Superior  basin. 
Commencing  on  the  northern  shore  of  the  lake,  we  find  a  series  of  talcose 
and  chlorite  slates  with  occasional  beds  of  coarser  gritg,  in  immediate  con- 
tact with  the  granite  and  eneiss.  They  have  been  divided  by  Mr.  Logan,  , 
the  distinguished  Provincial  Geologist  of  Canada,  into  two  groups — a  divi- 
sion which  we  have  failed  to  recognize  on  the  soutliern  shore — the  lowest 
of  which  consists  of  slates  partially  chloritic  and  talcose,  and  occasionally 
holding  a  sufficient  number  of  pebbles  derived  from  the  hypogene  rocks  to 
constitute  conglomerates.  "  Tliese  slates,"  he  remarks,  "  are  of  a  dark- 
green  color,  often  dark-grey  in  fresh  fractures,  which  at  the  base,  appear  to 
be  occasionally  interstratified  with  beds  of  a  feldspathic  quality,  of  the  red-  . 
dish  color  belonging  to  the  subjacent  granite  and  c;neiss :  sometimes  they 
are  a  combination  of  feldspar  and  quartz,  occasionally  with  the  addition  of 
hornblende,  making  syenitic  beds,  and  in  some  the  hornblende  predominat- 
ing gives  the  syenite  a  general  green  tinge.  Some  of  the  beds  have  the 
quality  of  a  greenstone,  others  that  of  mica  slate,  and  a  few  present  the 
character  of  a  quartz  rock.^t  These  slates,  he  conjectures,  attain  a  thick- 
ness of  several,  thousand  feet,  and  are  well  exposed  at  the  mouth  of  the 
river  Dore,  about'  five  miles  from  the  Michipicoten  river.  The  strike  ot  *. 
the  beds  is  very  irregular  and  their  dip  highly  inclined. 

The  upper  group  rests  wiconformahly  on  the  preceding,  and  towards* 
the  base  presents  conglomerate  beds  of  no  great  thickness,  the  pebbles  of 
which  consist  of  white  quartz,  red  jasper  and  occasionally  slate,  the  whole 
enclosed  in  an  arenaceous  matrix.     Higher  up  are  found  layers  of  chert, 

•  LyeU  and  others,  as  remarked  in  a  previous  chapter,  maintain  that  the  rocks  composing 
the  azoic  system,  may  once  have  been  roasiliferous,  and  that  their  crj'stalline  character  is 
not  due  to  a  peculiar  and  nascent  condition  of  our  planet  at  the  period  of  their  formation. 

We  can  haixily  conceive  it  possible  that  causes  of  sullicient  intensity  to  elevate  continents 
above  the  level  of  the  waters,  could  have  operated  without  having  left  unmistakeable  evi- 
dences of  their  action.  At  a  period  when  the  eartli  was  passing  from  a  chaotic  to  a  habita- 
ble state,  we  may  sappose  that  the  two  great  antagouistjcal  Ibrces  of  fire  and  water  were 
actively  excited,  and  the  result  would  be  a  vast  accumuhition  of  igneous  and  detrital  mate- 
rials; tiie  whole  so  metamorphosed  as  to  rencior  it  difficult  in  all  cases  to  distinguish  between 
them :  and  although  in  the  subsequent  history  of  the  earth,  there  is  abundant  evidence  of 
the  repeated  and  conjoint  operations  of  these  causes,  yet  the  azoic  age  was  emphatically 

one  of  UKTAMORPHISM. 

t  Keport  of  Progress,  1846-7,  p..  JO.. 
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ocfiasionally  approaching  chalcedony.    The  plates  are  separated  by  thin 
calcareous  ^aras,  presenting  a  ribbon- like  appearance. 

In  the  vicinity  of  the  disturbed  parts,  the  chert  sometimes  passes  into 
chalcedony  and  agate,  and  small  cracks  are  filled  w'ith  anthracite,  which 
is  also  found  forming  the  centre  of  minute  globules,  enclosed  in  a  silicious 
matrix. 

Higher  up  in  the  series,  the  argillaceous  slates  become  interstratified 
with  argillaceous  sandstones,  in  such  an  altered  condition  that  it  is  often 
(lifRcult,  at  first  sight,  to  say  whether  the  latter  may  not  be  trap  layers. 
Calcareous  bands  occasionally  occur  of  suflScient  purity  to  be  called  lime- 
stone. Interlaminated  masses  of  trjip  are  found  near  the  base  and  over  - 
lying  the  summits.  They  are  composed  of  a  black  hornblende  an^' 
greenish- white,  horny-lookmg  feldspar,  in  no  instance  assuming  an  amyg- 
daloidal  character,  but  occasionally  presenfmg  a  porphyritic  appearance. 
It  exhibits  a  sub-columnar  structure,  and  the  crowning  overflow  of  trap 
communicates  a  peculiar  aspect  to  the  whole  region  occupied  by  this  for- 
mation. It  attains  a  thickness  of  nearly  2000  feet,  and,  w^here  it  comes  to 
the  lake,  rises  in  bold,  overhanging  clifis."' 

"Beginning  at  Pigeon  Bay — the  boundary  between  the  United  States 
and  the  British  Possessions" — according  to  f^rof.  Mather,  w^ho  has  kindly 
.placed  his  notes  at  our  disposal — "we  fuid  llie  eastern  portion  of  the  pen- 
insula lined  with  bold,  rocky  clilTs,  consistinn^  of  trap  and  red  granite. 
The  latter  is  composed  of  red  I'^ldspur  and  quartz,  with  no  mica,  and  is 
intersected  by  heavy  dykes  of  traj>,  ami  veins  of  trap  and  calc-spar,  con- 
taining iron  pyrites.  The  whole  southern  shore  of  the  bay,  wherever 
examined,  presents  this  character. 

The  falls  of  Pigeon  river,  eighty  or  ninety  feet  in  height — are  occa- 
sioned by  a  trap  dyke  which  cuts  through  a  series  of  slate  rocks  highly 
indurated  and  very  similar  in  niineralon;ical  characters  to  the  old  grey- 
wacke  group.  Trap  dykes  and  interlaminated  masses  of  trap  were 
observed  in  the  slate  near  the  falls.  These  slates,  bro\m  and  grey  ii) 
color,  form  beds  of  stratified  rock,  nearly  horizontal  in  position,  around 
the  granite,  exhibiting  no  marks  of  derangement  or  upheaval  through 
which  the  latter  rocks  emerge  like  islands. 

Both  of  these  rocks  are  traversed  by  dykes,  belonging  to  a  common 
system. 

The  base  of  nearly  all  the  ridges  and  rlilfs  between  Pigeon  river  and  Fort 
William  is  made  up  of  these  slates,  and  the  overlying  trap.  Some  or  the 
low  islands  exhibit  only  the  grey  grits  and  slates.  Welcome  islands  in 
Thunder  Bay  display  no  traps,  although,  in  the  distance,  they  resemlde 
igneous  products,  the  joints  bein^  more  obvious  than  the  planes  of  stratifi- 
cation, thus  giving  a  rude  semi-columnar  aspect  to  the  chlfs." 

At  Prince  s  Bay,  and  also  along  the  chain  of  islands  which  line  tlit 
coast,  including  Spar,  Victoria  and  Pie  island,  the  slates  with  the  crowning 
traps  are  admirably  displayed.  At  the  British  and  North  American  Com- 
pany's works,  the  slates  are  traversed  by  a  heavy  vein  of  calc-spar  ami 
amethystine  quartz,  yielding  ^rey  sulphurot  and  pyritous  copper,  ami  ga- 
lena. From  the  vein,  where  it  cuts  the  overlying  trap  on  the  main  shore, 
considerable  silver  has  been  extracted . 

At  Thunder  Cape,  the  slates  form  one  of  the  most  picturesque  headlands 

•  Vide  Report  before  referred  to,  pp.  13-14. 
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on  the  whole  coa^t  of  Lake  Superior.  They  are  made  up  of  variously 
colored  beds,  sujh  as  compose  the  upper  group  of  Mr.  Loojan,  and  repose 
iu  a  nearly  horizontal  position.  These  datrital  rrifjks  utiaLi  a  thickness  of 
nearly  a  thousin:!  feet  an  J  are  crowned  with  a  sheet  of  ti  ;ppean  rocks, 
^  three  hundred  feet  in  thickness. 

At  L*An32  a  Li  B^ateille,  th^  slates  reappear,  with  the  granite  protruding 
through  theai,  and  occupy  the  coast  for  about  fifteen  miles:  numerous 
dykes  of  greenstone,  bearing  east  an  1  west,  are  seen  cutting  the  rocks  ver- 
tically. The  Slate  islands  form  a  part  of  this  group,  and  derive  their  name 
from  their  geological  structure. 

They  are  next  seen,  according  to  Mr.  Logan,  for  about  seven  miles  on 
each  side  of  the  Old  Pic  river.  Near  Otter  Head,  a  gneissoidal  rock  forms 
the  coast,  which  presents  a  ren^iirkably  regular  set  of  strata,  in  which  the 
constituents  of  syenite  are  arranged  in  thin  sheets  and  in  a  highly  crystal- 
line condition.  From  this  point  to  the  Michipicoten  river,  the  slates  and 
granite  occupy  alternate  reaches  along  the  coast,  for  the  distance  of  fifty 
miles.  '*  With  the  exception  of  a  few  square  miles  of  the  upper  trap  of 
Gargantu^,  these  two  rocks  appear  to  hold  the  coast  all  the  way  to  the 
vicinity  of  Pointe  aux  Mines,  at  the  extremity  of  which  they  separate 
from  the  shore,  maintaining  a  nearly  straight  south-easterly  line  across  the 
Batchewauaung  Bay,  leaving  the  trap  of  Maraainse  between  them  and  the 
lake.  Thence,  they  reach  Uie  northern  part  of  Goulais  Bay,  and  finally 
^attain  the  promontory  Of  Gros  Cap,  where  they  constitute  a  moderately 
bold  range  of  hilh,  running  eastwardly  towards  Lake  Huron."* 

This  range,  according  to  the  same  authority ,t  in  its  easterly  prolonga- 
tion, where  it  bounds  the  St.  Mary's  river  on  the  north,  consists  of  purely 
silicious  masses  of  quartz  rock,  the  bedding  sometimes  well-defined,  and 
the  surfaces  not  unfrequently  ripple-marked ;  of  conglomerate  bands,  con- 
taining pebbles  of  vitreous  quartz  and  variously-colored  jaspers ;  and  of 
limestones  of  a  compact  texture  and  colored  green,  buff  and  grey,  the  whole 
reposing  on  granite.  Interstratified  beds  of  chert  and  chlorite  slate  are  not 
wanting. 

•  The  bedded  masses  of  igneous  rock  consist,  for  the  most  part,  of  green- 
stone trap,  which  in  some  instances  attains  the  thickness  of  a  thousand 
feet. 

The  limestone  in  different  parts  of  the  range  varies  in  thickness  from 
lifly  to  one  hundred  and  fifty  feet,  and,  wherevei*  seen,  is  found  in  contact- 
with  quartz  rock,  or  syenitic  conglomerate.  On  Thessalon  lake,  great 
mountain  masses  of  quartz,  with  subordinate  masses  of  jasper  conglome- 
'  rates,  aj^ear  to  underlie  the  limestone,  and  »t  La  Cloche,  a  band  from 
3000  to  4000  feet  rests  upon  it.  The  scale  upon  which  these  older  rocks 
^  ire  here  developed,  seems  almost  incredible. 

The  associated  bands  are  traversed  by  several  systems  of  dykes  both  of 
greenstone  and  granite,  and,  at  the  points  of  contact,' afford  numerous 
evidences  of  metamorphism  and  disturbance.  They  are  also  intersected  by 
veins  more  recent  in  their  origin,  which  contain  several  forms  of  the  sul* 
phurets  of  copper,  and  afford  promise  of  profitable  exploitation. J 

•  Canada  Report,  184C-7,  p.  25.  f  Report,  1848-9. 

t  Professor  Agassiz,  in  his  work  on  Lake  Superior,  has  described  many  of  the  igneous 
belts  and  metamorphic  rocks  which  occur  on  the  north  shore,  and  has  called  attention  to 
the  interesting  fact  that  its  outlines  have  been  determined  in  a  great  measure  by  these  belu« 
As  that  work  is  readily  accessible  to  the  American  reader,  we  deemVt  \um»^«i»r^  \a  v^«tt£i^ 
tbe  TiewB  of  the  disstiDgmshed  author  in  a  more  extended  form. 
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This  formation  does  not  here  invade  the  American  shore.  ITie  Potsdam 
sandstone  has  been  deposited  in  the  sinuosities  of  the  more  ancient  quartz, 
or  rests  unconformably  on  its  upturned  edges.  The  channel  of  the.  St. 
Mary's  has  been  excavated  along  the»  line  of  junction  between  the  azoic 
and 'Silurian  systems,  thus  affording  a  striking  coincidence  in  the  political 
and  geological  divisions  the  country. 

AZOIC  SERIES  ON  THE  SOUTHERN  SHORE. 

In  the  region  included  between  the  two  great  lakes,  known  as  the  north- 
ern peninsula  of  Michigan,  this  group  constitutes  the  fundamental  rock. 
The  materials  of  which  it  is  composed  appear  to  have  been  thrown  down 
in  a  CO  nininuteJ  st  ite,  since  we  rarely  meet  with  those  grits  or  conglome-* 
rates  which  occur  on  the  north  shore.  Th§y  constitute  alternating  beds  of 
great  thickness,  known  as  gneiss,  hornblende  chlorite,  argillaceous,  siii- 
cioiis  aid  t.ilcise  sliite>,  quartz,  vccharoidal,  and  crystalline  limestones. 
They  are  highly  inc  intd  and  much  contorted,  and  nowhere  exhibit  the 
chir.;c*ers  of  a  purely  sedimentary  rock,  but  the  evidences  of  metamor- 
phis  n  are  more  st  iking  as  we  approach  the  lines  of  igneous  outburst. 
Gneiss  generally  flanks  the  granite,  succeeded  by  dark  masses  of  horn- 
blen  le,  with  numerous  joints,  btit  obscure  lines  of  bedding,  which  often 
graduates  into  hornb'ende  slate  or  chlorite  slate,  as  we  recede  from  the 
purely  igneous  products. 

The  outlines  of  this  class  of  rocks  are  extremely  irregular,  and  a  refer-' 
ence  to  the  general  map  will  give  a  clearer  idea  of  their  range  and  extent, 
than  a  mere  verbal  description.  The  great  mass,  it  will  be  seen,  occupies 
nearly  half  of  township  48,  between  ranges  30  and  36;  thence,  they  stretch 
uninterruptedly  south  to  the  Brule  river ;  on  the  east  they  are  bounded  by 
the  granite  and  sandstone,  and  on  the  west  by  the  granite.  From  the  main 
m  iss  there  are  numerous  projecting  arms.  One  starts  from  township  48, 
ranges  2')  and  26,  and  trending  in  a  north-easterly  direction,  intersects  the 
head  of  Keweenaw  bay,  and  terminates  in  township  /51,  range  30.  It 
flanks  the  Huron  mountains  on  the  north  and  west,  and  is  separated  from 
Lake  Superior  by  a  narrow  and  irregular  belt  of  sandstone.  The  length  of 
this  arm  is  nearly  eighty  miles,  with  a  width  of  eight  or  ten  miles. 

Another  arm  starts  near  Machi-gummi,  or  Big  Lake,  and  runs  nearly  due 
east,  intersecting  the  main  lake  between  Presqu'isle  and  Carp  river.     Its 
Irrtgth  is  about  thirty  miles,  varying  in  width  from  six  to  fifteen  miles.     It 
is  irclu (led  between  two  granite  bosses,  the  one  on  the  north  cind  the  other 
n  the  south.     This  portion  is  characterized  by  vast  deposits  of  specular 
-  i  :n:^gnetic  oxide  of  iron  in  a  state  of  considerable  purity,  • 

Another  arm  about  eighteen  miles  in  length  and  ten  in  breadth  extends 
tcrly  into  townships  42  and  43,  range  28 ;  while  another  shoots  off  in 
^  )utherly  direction,  occupying  the  valley  of  the  Menomonee  as  low  down 
Pike  river,  in  t\)wnship  35.     Their  western  termination  is  in  Wisconsin. 
In  this  district,  the  area  occupied  by  these  rocks  exceeds  eighty  town- 
.;iips,  or  more  than  three  thousand  square  miles.     The  configuration  of  the 
.<ites  and  granites  may  be  compared  to  the  contours  of  a  rugged  poast, 
The  main  granite  masses  form  numerous  projecting  headlands,  while  the 
subordinate  patches  rise  up  like  islands.     The  slates  sweep  round  the  pro- 
montories and  form  numerous  narrow  and  deeply-indented  bays. 
The  topographical  features  of  the  region  occupied  by  the  slates  are  stri- 


King.  It  is  diversified  by  bold,  rocky  cliffs  and  narrow  and  intricace  valleys, 
with  lakes  and  water-falls,  with  luxuriant  forests  and  natural  meadows. 
The  culminating  points  reach  nearly  twelve  hundred  feet  above  Lake  Su- 
perior or  eighteen  hundred  feet  above  the  ocean-level.  * 

We  commence  our  description  of  the  local  phenomena  of  this  system  of 
rocks  where  they  intersect  the  lake  shore  between  Riviere  du  Mortf  and 
Chocolate  river.  The  sketch  entitled  "  View  near  Carp  river  ''forming 
the  frontispiece  may  serve  to  convey  an  idea  of  the  contours  of  this  region 
better  than  a  written  description.  The  lake  here  forms  a  spacious  oay 
vnih  gently-curving  shores.  A  range  of  quartzose  hills  rising  to  the  height 
of  six  hundred  feet  terminates  abruptly  by  the  coast  and  forms  the  back- 
ground of  the  picture.  The  extremity  of  the  point  consists  of  sand-dunes 
rising  to  the  height  of  fifty  or  Sixty  feet,  with  roun.led  out  ines  and  highly 
inc  ined  slopes  towards  the  lake.  Along  its  margin  are  to  be  seen  the  re- 
mains of  ancient'  terraces  which  indicate  its  former  limits.  The  middle 
ground  is  occupied  by  a  range  of*  trappean  rocks  interlaminated  with  the 
slates.  The  settlement  here  repreisented,  has  been  named  Marquette,  in 
honor  of  the  early  missionary,  and  has  already  become  the  main  outlet  ol 
the  Iron  region.  The  foreground  is  composed  of  another  rocky  promon- 
tory which  projects  for  some  distance  into  the  lake,  and  serves  as  a  shelter 
to  vessels  agaiast  a  west  and  north-west  wind ;  while  by  the  shore,  vestiges 
of  the  Silurian  sandstone  are  seen  reposing  upon  the  upturned  edges  of  the 
azoic  rocks.  It  would  be  difficult  to  select  another  spot,  along  the  whole 
coast,  where  the  rocks  of  so  many  epochs,  from  the  oldest  to  the  most 
recent,  are  represented.  It  contains  an  epitome  of  nearly  the  whole  geol- 
ogy of  the  district. 

The  quartz  zone  exhibits  two  distinct  ridges,  where  it  approaches  the 
lake,  hemming  in  the  valley  of  Carp  river  with  rocky  walls,  from  two  to 
six  hundred  leet  in  height.  As  we  trace  it  westwardly,  it  presents  but  a 
single  ridge,  and  after  naving  passed  Teal  lake,  sinks  down  and  becomes 
lost.  Where  exposed  by  the  lake  shore,  it  exhibits  lines  of  bedding  and 
obscure  traces  of  ripple  marks.  These  lines  bear  east  and  west,  and  dip 
86®  to  the  south,  while  the  Potsdam  sandstone  abuts  against  the  quartz,  in 
a  nearly  horizontal  position.  S^me  of  the  quartz  beds  in  this  vicinity  en- 
close fragments  of  jasper  and  slate,  showing  that  they  contain  vestiges  of 
prior-formed  rocks.  The  southern  ridge — using  the  notes  of  Mr.  Hill-*-pre-  ^ 
sents  a  number  of  conical  knobs  rising  from  two  to  three  hun  Ire  1  feet 
above  the  surrounding  country.  In  section  2,  township  47,  ranj^e  25,  a 
granite  boss  rises  above  the  quartz,  over  wliteh  thestratu  are  folle  I  like  a 
mantle.  In  the  north-east  quarter  of  this  section,  a  band  of  slaty  lime- 
stone, somewhat  silicious,  is  seen  beneath  the  quartz,  bearing  north-e.ist  an  I 
south-west,  with  an  inclination  of  44°  to  the  south-east.  In  the  northern 
part  of  section  3,  the  quartz  is  observed,  with  another  band  of  limestone 
interstratified,  bearing  nearly  west  north-west.  The  protrusion  of  the  gra- 
nite has  displaced  the  beds  and  broken  their  continuity  ;  one  portion  shifted 
to  the  south,  was  traced  as  far  as  the  line  between  sections  9  and  10,  while 


•  For  ft  list  of  heights  determined  barometrically,  see  Appendix,  C. 

t  This  rivor  is  generally  called  DeaU  river.    It  cannot  be  from  the  sluggishness  of  its  cnr- 
rent,  for  in  the  distance  of  thirty  miles,  if  falls  more  than  a  thousand  feet,  al>owTvd\w%  Vw 
rapids  and  cascades.^    Its  true  name  is  the  River  of  Death.    TheTe  \^  &\o^^Vtw^\M\^^  'Oi^  \.c 
■ome  act  of  violence  hers  perpetrated^  which  wo  camtot  hqyt  i^a^ik^  «a<^  lxQni\(VkV^  >^^ 
nrer  dcrires  its  mme. 
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another  portion,  shifted  to  the  north,  was  traced  westward  into  section  4. 
The  northern  beds  were  found  to  be  associated  with  a  layer  of  limestone,  or 
compact  marble,  only  a  few  feet  in  thickness.  The  northern  ridge  attains 
a  higher  elevation  than  the  southern,  the  highest  point  in  section  6,  being 
five  hundred  and  ninety-two  feet  above  the  lake.  The  quartz  has  been  so 
far  metamorphosed  as  to  destroy  the  lines  of  bedding,  but  in  other  portions 
of  the  range,  for  instance,  near  the  Jackson  Forge,  it  assumes  the  character 
of  a  quarrzose  conglomerate,  and  exhibits  distinct  lints  of  bedding.  A 
granite  protrusion  occurs  along  the  line  between  townships  47  and  4b,  range 
2'),  which  ha-j  ca-ised  a  displacement  of  the  strata,  many  thousands  of  fttt 
in  a  linear  direction,  throwing  one  portion  of  the  aidge  to  the  south-west, 
anl  another  portion  to  the  north;  and  it  is  instructi.e  to  observe  how  far 
the  course  of  tht*  Carp  river  has  been  determined  by  this  dislocation.  The 
miiii  branch  curves  around  the  southern  outlier,  while  the  aflluent,  known 
as  Alder  creek,  finds  its  way  between  the  granite  and  the  quartz. 

In  section  oi,  township  48,  range  25^  near  the  west  line,  another  band 
of  compact  limestone  was  observed,  and  thence  traced  westward,  by  Mr. 
Hill,  through  sections  33  and  36,  being  well  exposed  in  the  escarpments  of 
the  ridges.  It  is  less  silicious  than  that  before  described,  variously  colored, 
white,  ash-grey  and  flesh-red,  and  beautifully  veined  with  tints  of  a  deeper 
hue.  It  calcines  readily  into  lime,  and  alfords  beautiful  ornamental  maie- 
rials. 

Along  the  valley  of  the  Corp,  between  Jackson  Forge  and  Teal  lake, 
beds  of  novaculite,  or  fine-grained  silicious  slate,  are  found  interstratified 
with  beds  of  quartz.  It  has  l»ecn  already  quarried  at  several  points,  for 
hones,  and  there  is,  even  now,  a  consiilerable  .demand  for  them.  The  beds 
are  exceedinHv  fissile,  and  full  of  (laws  at  the  surface,  so  that  much  of  the 
mass  is  comparatively  worthless ;  but  it  is  believed  that  the  blocks  taken 
from  a  greater  depth,  and  beyoml  the  action  of  atmospheric  agents,  will  be 
free  fro: a  these  imperfections.  Messrs.  Smith  &  Pratt  have  estaldisbed  a 
actory  for  the  purpose  of  sawing  these  blocks,  at  the  mouth  of  a  small 
stream,  near  the  Marquette  landing,  and  are  driving  a  thrifty  business. . 

Between  the  quartz  range  and  Dead  river,  the  underlying  rock  consists, 
in  the  m  lin,  of  chlorite  and  talcose  slates,  intersected  by  three  belts  oi 
igneous  ro-.ks,  ranging  nearly  east  and  west. 

De  la  Beche,  in  reference  to  the  greenstones  and  schistose  rocks  oi  Boss- 
iney,  Cornwall,  remarks  that,  "there  is  so  intimate  a  mixture  of  compact 
and  schistose  trappean  rocks  with  the  argillaceous  slates,  that  the  wnole 
may  be  regarded  as  one  system,  the  two  kinds  of  trappean  rocks  having 
been  probably  erupted,  one  in  a  state  of  igneous  fusion,  and  the  otlier  iir 
that  of  an  ash,  during  the  time  that  the  mud,  now  forming  slates,  was 
deposited  ;  tlie  mixture  being  irregular  from  the  irregular  action  of  the 
respective  causes  which  produced  them;  so  that  one  may  have  been  derived- 
from  igneous  action,  and  the  other  from  the  ordinary  abrasion  of  preexisting 
soKnl  rocks,  they  were  geologically  contemporaneous." 

This  description  is  applicable  to  many  of  the  igneous  rocks  of  this  region. 
They  form  neither  long  lines  of  dykes,  nor  axes  of  elevation,  but  broad 
sheets,  bearin'^  the  same  relation  to  the  slates  that  the  trappean  bands  of 
Keweenaw  Point  do  to  the  conglomerates.  Many  of  the  slates  appear  to 
be  composed  of  pulverulent  greenstone,  as  though  they  might  originally 
have  been  ejected  as  an  ash,  and  subsequently  deposited  as  a  sediment,  and 
pass  by  imperceptible  gradations,  from  a  highly  nssile  to  a  highly  compact 
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State.    In  some  places,  for  example,  at  Marquette  and  Presqu'isle,  they 
assume  a  spheroidal  structure,  as  though  after  their  deposition  they  had 
teen  so  far  operated  on  by  heat  as  to  allow  a   rearrangement  of  the  parti- 
cles.    Along  the  lines  of  volcanic  action,  we  frequently  find,  throughout 
this  district,  a  green  pulverulent  substance,  somewhat  resemljing  chlorite, 
and  containing  a  large  amount  of  magnesia  "and  lime,  which  is  probably  in 
the  nature  of  an  ash.     The  same  ingre<lients  enter  largely  into  the  compo- 
sition of  mmy  of  the  trappean  rocks,  far  they  possess  a  soapy  ftel,  and 
when  reduced  to  a  powder,  etfervesce  feebly  with  acids. 

There  are  undoubtedly,  at  this  day,  beneath  the  bed  of  the  ocean,  nume- 
rous "  salses,"  which,'  Irom  time  to  time,  pour  forth  streams  of  pulverulent 
materials,  but  wh -se  operation  is  concealed  from  human  sight.  We  know 
that  for  weeks  in  succession,  theye  flowed  streams  of  chocolate-colored  mud 
from  the  crater  of  Graham's  isl^d,  before  it  finally  sank  below  the  surf«'ce. 
The  contributions  from  this  source,  to  the  first  formed  stratified  deposits, 
have  not  been  duly  appreciated.  This  volcanic  mud  is  nothing  more  than 
tke  comminuted  particles  of  trappean  rocks,  reduced  by  friction ;  and  in  the 
early  history  of  our  planet,  when  the  fissures  communicating  with  the  inte- 
rior were  unfilled  and  volcanic  energy  was  mfinifested  more  intensely  than  at 
this  day,  it  would  be  reasonable  to  expeot  that  igneous  causes  contributed 
as  powerfully  to  the  reduction  of  the  preexisting  rocks,  as  the  ordinary 
abrading  action  of  w.iter.  The  slates  are  composed  essentially  of  the  same 
ingredients  as  the  trappean  rocks  with  which  they  are  associated,  and  the 
main  dilFerence  between  them  may  be,  that  the  one  was  the  product  of 
salses,  ejected  in  the  form  of  mud,  while  the  other  was  tlie  product  of  vol- 
canoes, ejected  in  molten  streams.  It  has  been  supposed  that  the  talcose 
nature  of  the  shites  associated  with  the  igneous  rocks  was  the  result  of 
metamorphisra,  but  the  supposition  that  they  have  resulted  in  some 
instances  from  the  destruction  of  the  latter,  is  quite  as  reasonable. 

About  a  mile  from  the  lake  shore,  on  the  road  leading  to  the  JacksoQ 
Forge,  a  low  range  of  trappean  rocks,  of  a  compact  texture,  and  of  a  dark- 


(Fig.  I.) 


Brecdatod  korablende  aad  foKlspir  rock. 


frecn  color,  is  mtersectel.  Bettveen  the  Jackson  and  Marquette  landings, 
By  the  lake  vshore,  a  si  nilar  belt  i^  observe  I,  whic'i  ngnin  appears  near  tne 
junction  of  the  roads,  about  four  miles  inland. 

Another  belt  intersects  the  co.ist  a  short  distan'^e  above  the  Marquette 

imMiiigi  wjucli  does  uot  JiJ^r  essentially  fronj  tb^s^  h^for?  d<j§cfib^d*  The 
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slates  in  the  vicinity  of  these  belts  are  compact,  of  a  greenish  color,  ami 
tiu  versed  by  different  systems  of  joints,  more  distinct  than  the  lines  of  bed* 
diiig,  cutting  the  mass  into  cuboidal  blocks. 

At  Little  Presqu'isle,  another  band  of  igneous  rocks,  of  a  highly  crystal- 
line character,  projects  into  the  lake.  Distinct  acicular  crystals  of  horn 
blende  are  distributed  in  places  through  a  paste  of  pure-white  feldspar, 
while  in  others,  these  two  minerals  are  disconnected,  the  latter  forming 
beds  of  considerable  thickness.  Angular  fragments  of  hornblende  slate 
chlorite  slate;  jasper  and  a  green  magnesian  mineral,  are  seen  enclosed  in 
the  mass  near  the  water's  edge,  as  represented  in  the  preceding  illi;stra 
tion,  (Fig.  1,)  which  may  be  regarded  as  a  volcanic  breccia.  Ihese  frag- 
ments seldom  exceed  a  lew  inches  in  diamete.. 

Like  most  of  the  rocks  of  this  region,  its»surface  is  shioothed  and  striated 
in  a  wonderful  manner.  Below  the  mouth  of  Dead  river,  a  highly  crys- 
talline mass  of  this  character  emerges  in  the  form  of  an  island  fifty  or  sixty 
feet  in  height. 

The  mam  Presqu'isle  consists  of  a  dark-green  trappean  rock,  rising  in 
overhanging  cliffs  to  the  height  of  a  hundred  feet.  A  description  of  this 
rock  and  the  relations  which  it  bears  to  the  sandstone  will  be  given  when 
we  come  to  treat  of  the  Silurian  system.  Over  this  is  deposited  a  volcanic 
tuff,  imperfectly  stratified,  filling  up  the  previous  depressions,  and  attaining 
a  thickness  of  twenty  or  thirty  feet.  It  presents  a  complete  net-work  ol 
veins,  a  few  lines  only  in  width,  which  penetrate  but  a  snort  distance  into 
the  subjacent  basalt.  At  one  place,  on  the  north-west  side  of  the  point,  an 
irregular  vein  bearing  north  and  south  is  seen  for  two  hundred  fett  in  a 
linear  direction,  in  this  obscurely  stratified  tuff,  which  yields  the  sulphurets 
of  lead,  copper  and  iron,  but  not  in"* sufficient  quantities  to  render  its  ex- 
ploitation profitable.  Asbestus  is  also  sparingly  distributed,  and  may  be 
regarded  as  a  metamorphic  product  resulting  from  the  presence  of  lime. 
Traces  of  magnetic  oxide  of  iron  and  black  oxide  of  manganese  are  detected 
in  some  of  the  veins  farther  eastward. 

Proceeding  up  the  valley  of  Dead  river,  between  sections  7  and  16, 
township  48,  range  25,  the  stream  is  precipitated  from  a  height  of  twcrtv 
feet  over  a  ledge  of  schistose  rocks,  which  exhibit  distinct  lines  of  bicf- 
ding  and  abrupt  convolutions  of  the  strata. 

In  the  next  range  west  (27,)  the  trappean  and  schistose  rocks  are  frequently 
exposed  in  the  bed  of  the  stream,  consisting  of  alternations  oif  talccse  and 
chlorite  slates,  and  hornblende  and  feldspar  rocks.  They  stretch  out  in 
numerous  parallel  ridges,  bearing  north  of  east  and  south  of  westj  and  pre- 
sent, for  the  most  part,  southerly  escarpments.  On  the  north-west  quarter 
of  section  16,  the  river  is  precipitated  in  a  series  of  rapids  over  the 
former  class  of  rocks,  affording  fine  exposures  for  observation.  On  the 
west  boundary  of  section  6,  in  a  high  ledge  which  rises  from  the  northern 
bank  of  the  stream,  the  slates  are  again  observed  dipping  to  the  south  at 
an  angle  of  70^ 

The  stream  here  bears  west-north-WTst,  conforming  to  the  direction  of 
the  strata.  After  floxs^ing  along  the  northern  line  of  township  48,  nearly 
through  range  27,  it  divides  into  numerous  branches  whose  sources  lie  to 
the  north-west,  in  the  region  of  the  granite. 

Proceeding  southward  from  Teal  lake,  we  first  encounter  a  ridge  of  trap- 
pean rocks  which  skirt  its  southern  shore  and  rise  abruptly  to  the  height  of 
two  hundred  feet  above  the  Jake-lerel,  succeeded  by  chlorite  slates  and  vast 
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masses  of  specular  and  magnetic  oxide  of  iron.  As  vre  shall  devote  a 
special  chapter  to  the  character  of  these  masses  and  their  relations  to  the 
associated  rocks,  a  more  minute  description  is  here  deemed  unnecessary. 
We  would  merely  observe  that  in  this  region  the  iron  masses  are  invaiiably 
found  in  this  association — never  occurring  in  the  granite. 

These  alternations  of  trappean  and  schistose  rocks  continue,  to  near  tne 
southern  boundary  of  township  47,  and  are  charstcterized  in  many  places 
by  the  ores  above  described. 

SECTION   1?R0M    LAKE   SUPfiuiOR   TO   LAKE   MICHIGAN. 

The  coast  near  the  head  of  Keweenaw  Bay  (L'Anse)  affords  an  admira^ 
ble  section  of  the  slates  and  the  overlying  sandstone.  (Vide  Plate  XXI., 
Figure  J.)* 

The  following  is  the  descending  order  of  succession : 

1  and  2.  Fissile  sandstone — the  equivalent  of  the  Potsdam — dipping  slightly 
to  the  west-north- west,  of  a  reddish  color,  and  coarse-grained,  passing 
into  a  conglomerate  comy csed  of  pebbles  of  milk-white  quartz,  ai:3 
occasionally  trappean  pebbles — 13  feet,  resting  unconformably  on  the 
azoic  rocks,  consisting  of 

3.  Chlorite  slate  and  novaculite,  or  silicious  slate,  variously  colored,  and 

much  contorted — in  places  folded  over 

4.  A  dark  hornblende  and  feldspar  rock  evidently  trappean  in  its  origin. 

Formations  3,  and  4,  are  traversed  by  veins  of  quartz  which  in  no  case 
penetrate  the  overlying  sandstone.  The  slates  are  also  occasionally 
intersected  by  dykes  of  trap.  (5) 

This  section  is  exceedingly  instructive,  inasmuch  as  it  enables  us  to  draw 
a  line  of  demarcation  between  two  formations  different  in  age  and  external 
characters.  While  the  newer  formation — the  Potsdam  sandstone — is  Lut 
slightly  if  at  all  disturbed  and  little  changed  by  metamorphism,  the  older, 
or  azoic  slates,  are  contorted  and  folded  into  numerous  arches,  and  in  seve- 
ral places,  invaded  by  igneous  rocks.  Their  structure  has  been  changed 
From  granular  to  sub-crystalline,  and  the  whole  mass  is  intersected  by  nu- 
merous planes  of  lamination. 

These  slates  are  displayed  for  three  miles  along^  the  south-eastern  coast  of 
Keweenaw  Bay,  and,  within  that  distance,  exhibit  several  distinct  convolu- 
tions, alternately  convex  and  concave.  This  structure  is  probably  charac- 
teristic of  the  whole  of  the  azoic  series,  but  it  is  nowhere  so  beautifully 
shown  as  along  this  coast,  for  the  reason  that  it  is  impossible  to  meet  with 
equally  extende<l  sections  inland.  Even  where,  at  the  surface,  the  strata  are 
apparently  vertical,  if  we  could  trace  them  downward,  they  would  proba- 
bly be  found  to  form  parts  of  flexures  more  or  less  abrupt.     The  uf  per 

portions  of  these  flexures  are,  for  the  most  part,  imperfectly  traced,  for  the 

reason  that  they  have  been  removed  by  denudation. 
The  section  displays  in  a  very  remarkable  degree  those  planes  designr.teA 

as  planes  of  lamination,  represented  by  the  highly  inclined  lines.     (Plate 

XXI.,  Figure  1-6.)     However  great  the  foldings  of  the  strata,  which  may 

•  The  geology  and  topography  on  a  southerly  line  between  Lake  Superior  and  f  \ko 
Michigan  is  illustrated  on  the  General  Section.    It  is  but  justice  to  add  that  in  tlie  exi)lora. 
tJon  of  this  region,  as  well  as  in  the  preparation  of  the  section,  we  v»et^  ^jjaa\s,V^  \iN  iSkx*^^ 
W.JBiU. 
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he  traced  by  the  variety  of  colors,  these  hnes  { ursue  a  parallel  direction, 
only  an  inch  or  two  asunder,  sometimes  coincidmg  with  those  of  stratifica- 
tion, and  sometimes  intersecting  them  at  greater  or  less  arglcs  ;  thus  show  icg 
that  the  materials  composing  the  mass  have  undergone  a  r^airangcmeut 
since  they  were  first  deposited, — a  result  probably  due  to  the  operation  of 
some  great  law  of  crystallization,  as  yet  but  imperfectly  undei stood. 

The  lines  of  lamination  dip  towards  the  south,  or  away  from  the  axis  of 
elevation,  and  the  separation  of  the  blocks  is  more  easily  effected  in  this 
direction  than  alone  those  of  stratificiftion. 

Professor  Sedgwick  was  the  first  geologist  to  dr scribe  these  lines,  and 
their  uniformity  of  strike.  In  the  gorge  of  the  Wye,  ihey  were  observed 
to  cut  mountain  masses  from  the  summit  to  the  base,  preserving  throughout 
a  strict  geometrical  parallelism.  He  is  of  the  opinion  that  no  retreat  of 
parts,  no  contraction  in  dimensions  in  passing  to  a  solid  state  can  account 
for  the  phenomenon,  but  that  it  must  be  referred  to  crystalline  or  polar 
forces,  acting  simultaneously  and  somewhat  uniformly  in  given  directions, 
on  large  masses,  having  a  homogeneous  composition.* 

At  tne  head  of  the  bay,  the  slates  reappear  and  exhibit  the  same  folded 
structure.  They  are  somewhat  changed  in  their  lithological  character, 
taking  into  their  composition  a  larger  amount  of  chlorite.  For  a  mile  or 
more,  they  are  exposed  along  the  bed  of  Fall  river,  and,  in  places,  are  suffi- 
ciently fissile  to  be  employed  for  roofing  purposes. 

The  silicious  beds  noticed  as  occurring  on  section  25,  form  a  very  tolera- 
ble material  foe  the  coarser  kind  of  honcj?,  or  whetstones  :  although  the 
substance  is  somewhat  friable,  it  has  a  sharp  grit.  The  Indiajis  frequently 
resort  here  to  obtain  pipe-stones,  which  they  work  into  curious  and  fantas- 
tic forms. 

Along  the  northern  flank  of  the  granite,  the  slates  are  obscurely  traced, 
their  presence  being  indicated  only  by  occasional  fragments  strown  over  the 
surface,  or  by  low  ledges  in  the  beds  of  rills.  As  we  approach  the  grr^nite 
axis,  the  detrital  rocks  become  more  crystalline  and  exhibit  in  a  more 
marked  degree  the  effects  of  metamorphisni.  About  a  mile  and  a  half 
south  of  the  line  between  townships  60  and  49,  range  32,  (vide  the 
general  section  appended  to  the  report,)  gntiss  was  observed  flanking  a 
range  of  well  characterized  granite.  Between  this  point  and  the  head  of 
Keweenaw  Bay,  about  eight  miles  distant,  the  following  is  the  order  tf 
succession  of  the  rocks. 


•  The  experiments  of.  Mr.  Robert  Were  F'ox  seem  to  point  to  voltaic  agency  as  the  cunsc 
of  those  phenomena.  Tie  succeeded  in  producing  lines  of  lamination  in  clay  by  long-  con- 
tinued voltaic  action,  the  planes  of  the  laminae  l>eing  foniied  at  right  angles  to'  the  electric 
Ibrc^s.  lie  considers  that  the  general  laminated  structure  ol  the  chiy  in  these  experiments 
lippe  ired  to  indicate  that  a  series  of  voltaic  poles  were  produced  throughout  the  clay,  tho 
iiymmetrical  arrangement  of  which  had  a  corn»sponding  etlec.t  on  the  structurc  of  the  clav, 
ani  th  it  this  view  was  contirined  by  the  occurrence  in  several  instances  of  veins,  or  rather 
laminic  of  oxide  of  iron  or  copper,  according  to  the  manner  in  wliich  the  experiments  were 
conducted.  lie  considers  tlie  prevailing  direction  ol*  the  electrical  Jbrces,  depending 
ot\en  on  local  causes,  to  have  determined  that  of  cleavage,  and  the  more  or  less  heteroge- 
neous n  iture  of  the  rock  io  have  modified  the  extent  of  their  influence. — Re]:ort  of  //»« 
Po^ytfchtiic  Sotitty  of  CornuKill^  quoted  htf  De.  la  Brchc, 

Mr.  D.irwin  states  that  the  ore  of  the  gold  mines  of  Yarjuil  in  Chili  is  ground  into  an  impal- 
pable i)owder,  which  is  washed  and  the  sediment  collected  in  a  jjool,  which  alter  hi»\  ing 
subsided  is  thrown  into  a  heap.  Chcnu'cal  action  then  ensues,  various  salts  effloresce  on  the 
surface,  the  raasa  hardens  and  divides  into  concretionary  fragments.  These  fragments  were 
obsen'ed  to  possess  an  even  and  well-deflned  slaty  structun.*,  but  the  lamiiiSB  were  not  in* 
etttwdat  MDjr  unifyna  angle,  —  TravtU  in  Soutk  Anurica, 
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1.  Granite  rising  m  a  ridge  over  a  thousand  feet  in  height,  and  bearing 

north  of  east  and  south  of  west. 

2.  Gneiss,  with  a  large  amount  of  mica. 

3.  Compact  hornblende,  with  silex  in  places  predominating.  • 

4.  Chloritic,  argillaceous  and  silicious  slates. 

Passing  over  the  granite  which  forms  a  zone  ten  miles  in  width,  and  rises 
in  places  to  the  height  of  twelve  hundred  feet,  being  the  culminating 
point  between  the  two  lakes,  the  azoic  rocks  reappear.  Near  the  centre 
of  township  48,  range  21,  on  the  southern  flank,  the  following  was  the 
order  of  succession  observed. 

1.  Granite,  ranging  nearly  east  and  west. 

2.  Quartz  and  feldspar  passing  into  granular  quartz. 

3.  Compact  hornblende,  traversed  by  numerous  joints. 

4.  Magnetic  and  specular  oxide  of  iron,  with  thin  laminse  of  white,  granu- 

lar quartz. 

This  association  of  rocks  was  observed  north  of  a  small  lake  known 
as  Sagiagans,  which  forms  the  first  link  in  a  chain  extending  as  far  east  as 
range  30.  It  is  one  of  the  sources  of  the  Menomonee  and  lies  one  thousand 
and  forty-nine  feet  above  its  embouchure.  On  the  north,  the  granite  rises 
in  precipitouij  ridges,  with  rounded  summits,  while  to  the  south,  the  coun- 
try occupied  by  the  slates  stretches  out  in  low,  marshy  plains.  On  a  rocky 
island  near  the  northern  border  of  this  lake,  there  occurs  a  hornblende  and 
silicious  slate  with  thin  lamince  of  magnetic  oxide  of  iron.  Passing  through 
a  tortuous  channel,  bordered  on  either  side  by  marshes,  we  emerge  into  a 
a  second  lake  of  about-  the  same  dimensions.  Granite  is  observed  on  the 
north  in  conical  hills,  three  and  four  hundred  feet  above  its  surfii<?e.  Be- 
tween the  second  and  third  lake,  there  occurs  a  portage  (No.  1,)  where  the 
stream  descends  twenty-four  feet  in  the  distance  of  three-fourths  of  a  mile. 
A.side  from  the  descent,  the  channel  is  obstructed  by  numerous  boulders  of 
bomblende  and  granite.  In  section  21,  township  48,  range  31,  loose 
nasses  of  hornblende  were  observed  containing  a  large  amount  of  magnetic 
ron.  The  compc-iss  here  exhibited  great  pertr^^bation,  and  in  one  instance 
lie  poles  were  reversed.  In  passing  over  this  portage,  numerous  blocks 
rf  compact  and  slaty  iron  ore  were  seen  strown  over  the  surface,  but  no- 
^•here  in  place. 

Portage  No.  2,  is  a  short  distance  east  of  the  entrance  to  Maclii-gummi, 
:>r  Big  Lake,  and  the  trail  winds  around  the  base  of  an  elevated  knob  for 
'Itfee-fourths  of  a  mile. 

Machi-gummi  is  among  the  most  beautiful  of  the  inland  lakes  of  this 
^egion.  It  is  in  the  form  of  a  crescent,  and  elevated  1014  feet  above  Lake 
Superior.  The  numerous  islands  which  dot  its  surface  consist  of  dark- 
green,  compact  hornblende,  jointed,  and  perhaps  bedded.  A  range  of 
similar  rocks  borders  its  northern  margin,  cropping  out  in  mural  cliffs,  two 
^nd  three  hundred  feet  high,  crowned  with  stunted  cedars  and  spruces. 
The  southern  shore  is  lined  with  similar  rocks,  intermingled  with  patches 
of  dark-green  slates,  corrugated  on  their  surfaces,  and  displaying  distinct 
lines  of  bedding,  which  dip  nearly  vertically-. 

All  along  this  chain  of  lakes,  the  aberrations  of  the  needle  are  great,  and 
Vndications  of  iron  abundant.    To  William  A.  Burt,  Esq.j  is  dvift  X\ve  ^i^^\V 
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<^  having  first  determined  the  existerxe  of  these  beds  and  proclaimed  their 
vahie.*   On  the  north  side  of  Machi-gummi,  in  numerous  places,  an  impure 
variety  of  magnetic  iron  is  seen  associated  with  hornblende  or  quartz,  pre- 
senting a  banaed  structure.     On  the  southern  shore,  Mr.  Burt  observed  a 
bed  along  the  south  boundary  of  township  48,  range  30,  section  34,  havW 
a  granular  structure,  a  dark  brown  color,  and  bearing  south-west ;  but  it 
was  exposed  to  no  great  extent.     Another  bed  associated  with  a  rock  in 
which  quartz  largely  predominates,  was  observed  on  the  south  side  of 
section  o5,  forming  a  knob  twenty  feet  in  height.     It  was  laminated  ar.d 
jointed,  the  laminae  bearing  W.  S.  W.,  and  dipprg  80''  E.  S.  E.     In  rarre 
&9,  on  the  south  side  of  section  82,  a  ledge  of  iron  ore  eight  feet  in  height 
crops  out  for  the  distance  of  nearly  seventy-five  chains ;  course  W.  N.  W. 
Mr.  Burt   describes   it  as   variable  in  richness,  structure  granular,  lustre 
in   fresh   fractures  metallic,   highly  magnetic  and   sometnnes  possessing 
polarity. 

Another  bed  is  described  by  him  as  occurring  in  range  28,  on  the  south 
line  of  section  33,  in  the  form  of  a  knob  fifty  feet  in  height,  jointed 
and  banded,  resembling  a  brown  hematite  with  a  large  admixture. of 
quartz. 

At  the  outlet  of  the  lake,  the  stream,  increased  by  numerous  affluents, 
expands  to  the  width  of  sixty  feet,  with  an  average  depth  of  two  and  a 
half  feet,  and  takes  the  name  of  Machi-gamig, — or,  The  river  flowing 
from  a  large  lake.     It  winds  its  way  through  superficial  deposits  which 
conceal  all  traces  of  the  subjacent  rocks,  until  it  reaches  towTiship  46, 
range  29  and  30,  where  it  forms  a  lake-like  expansion.    ,A  chain  of  hills 
two  hundred  feet   above  its  surface,  approaches  from  the  left  to  near  the 
water's  edge.     On  exploring  this  range,  we  found  that  it  consisted  of  a 
mass  of  specular  oxide  of  iron,  portions  of  which  were  of  sufficient  purity 
to  be  profitably  wrought.     For  the  distance  of  eighty  feet  from  the  water, 
the  rock  is  concealed   by  soil  supporting  a  dense  growth  of  trees ;  it  then 
shoots  up  in  a  perpendicular  cliff  to  the  height  of  one  hundred  and  thirteen 
feet.     We  passed  along  the  base  of  this  cliff  for  a  quarter  of  a  mile  seeking 
'  for  some  gap  through  which  we  mif^ht  ascend  to  the  summit,  until   at 
length,  after  much  toil  and  by  clambering  from  one  projecting  point  to 
another,  we  succeeded.     Passing  back  from  the  brow  of  the  cliff  for  fifty 
feet,  the  mass  was  found   to  consist  of  micaceous  and  granular  oxide  of 
\       iron  :  to  this  succeded  a  hand  of  white,  granular  quartz,  with  particles  of 
iron,  disseminated,  and,  also,  larp-e  rounded  masses  of  the  same  material  in 
the  nature  ot  a  conglomerate,  or  perhaps,  a  breccia,  fifteen  feet  in  thick- 
ness, succeeded  by  specular  iron  exposed   in  places  to  the  width  of  one 
hundred  feet,  to  where  the  soil  and  trees  concealed  all  further  traces.     This 
iron  for  the  most  part,  cpntains  thin  laminae  of  quartz^ arranged  in  parallel 
plates,  bearing,  so  near  as  we  could  judge, — for  the  day  was  dark  and  rainy 
an  J  a  compass  was  of  no  avail, — north  of  west  and  inclining  82^  north-east, 
— corresponding  with  the  strike  and  dip  6f  the  quartz  rock.   Other  portions 
present  a  granular  structure  and  are  highly  magnetic.     Veins  of  quartz, 
with  iron  glance,  cut  through  the  mass,  presenting  external  characters 
altogether  different  from  those  of  the  containing  rock.     This  ridge  crosses 
section  1,  township   16,  range  30,  and  rises  eleven  hundred  and  nine  feet 

•  Vide  his  report  od  Town-^hip  Lines,  for  1846.     Land  Office  Documents  for  1849-50. 


93  t»'] 

above  Lake  Supetior.     Here,  in  this  cliff,  is  sufficient  iron,  though  not  as 
rich  as  that  of  the  Carp  river  region,  to  supply  the  world  for  centuries. 

Above  portage  No.  4,  in  sections  1  and  6,  according  to  Mr.  Burt,  on  the 
right  bank  of  the  river,  a  similar  ore  appears  in  a  ledge  from  twenty  to 
fifty  feet  in  height,  dipping  80®  to  the  south-south-east,  of  an  iron-black 
color,  passing  into  steel-gray,  often  resembling  very  fine  cast  iron.  Another 
bed  of  similar  character,  was  observed  by  him  on  the  east  boundary  of 
township  47,  range  29,  twelve  chains  in  length,  rising  in  a  cliff  to  the 
heiehth  of  nfty  feet. 

After  leaving  this  portage  there  is  an  interval  of  several  miles  along 
which  no  rock  is  exposed,  f  he  talcose  slates  probably  here  prevail,  which 
are  more  easily  denuded  than  the  closely-grained  and  firmly-cemented 
hornblende  rocks,  but  on  approaching  section  31,  township  46,  range  29, 
the  latter  reappear  in  dark-green  masses.  Their  external  characters  indi- 
cate the  proximity  to  a  line  of  igneous  outburst,  and  on  the  adjoining  sec- 
tion south  (section  5,  township  46  range  21,)  the  granite  appears  in  low, 
rounded  outcrops,  and  occupies  a  belt  five  miles  in  width,  flanked  on  the 
south  by  hornblende,  presenting  the  same  lithological  characters  as  that  on 
the  north. 

A  short  distance  below  the  mouth  of  Fence  river,  (township  44,  range 
27  and  28),  the  left  bank  of  the  Machi-gamig  is  lined  with  ledges  of  com- 
pact and  crystalline  limestone,  rising  in  places  to  the  height  of  thirty  feet. 
The  lines  of  bedding  bear  north-east  and  south-west,  and  incline  36°  to  the 
south-east.  Its  prevailing  tint  is  flesh-red,  inclining  to  bluish  or  ash-grey, 
intermingled  with  irregular  veins  of  a  deeper  hue.  It  is  well  cidapted  to 
ornamental  purposes,  and  for  richness  of  effect  is  not  surpassed  by  the  highly 
prized  foreign  marbles.  Irregular  bunches  of  quartz  are  scattered  through 
portions  of  the  mass;  but,  with  suitable  care  in  the  selection,  slabs  of  con- 
siderable dimensions  may  be  obtained.  Three-fourths  of  a  mile  below,  it 
is  again  exposed  in  the  left  bank  of  the  stream,  bearing  north  48^  east,  and 
dipping  nearly  vertically,  flanked  on  the  south  by  a  bed  of  argillaceous 
slate.  This  slate  again  appears  about  a  mile  below  the  mouth  of  Night- 
watching  river,  so  highly  indurated  that  the  lines  of  bedding  are  very 
indistinct,  while  those  of  lamination  are  very  conspicuous.  At  portage 
No.  7,  the  slates  rise  in  cliffs  one  hundred  and  fifty  or  two  hundred  feet 
above  the  stream,  presenting  precipitous  escarpments  to  the  south. 

On  the  north  bound  iry  of  this  township  (43)  Mr.  John  Burt  observed  a 
bed  of  specular  iron  of  (considerable  thickness  and  purity,  but  we  failed  to 
detect  its  presence  in  the  river  banks. 

Below  portage  No.  7,  the  rocks  consist  of  altepnate  bands  of  argillaceous 
and  hornblende  slates.  At  portage  No.  8,  the  latter  rocks  are  admirably 
exposed  in  a  nearly  vertical  position,  bearing  north  80^  east.  They  are  fis- 
sile, of  a  dark-brown  color  and  contain  acicular  crystals  of  amphiboly 

At  portage  No.  9,  (near  the  south  boundary  of  township  42,  range  31), 
the  granite  pierces  through  the  incumbent  strata,  forming  an  axis  of  eleva- 
tion m  an  east  and  west  direction.  On  either  side,  correspon  ling  alterna- 
tions of  hornblende  and  mica  slate  are  observed,  and  altoi^ether  this  section 
affords  one  of  the  most  beautiful  examples  of  flexures  in  the  strata  to  be 
found  in  the  district. 

At  portage  No.  10,  a  mile  and  a  half  below,  mica'  slate  is  exposed  dip- 
ping south  GO'',  and  is  again  succeeded  by  hornblen  le  slate  vjKvcK  eoislvcvw'e^ 
to  the  junction  of  the  Machi-gamig  and  Brulfe  mexsj  vj\i^x<i  Vjftfc  xaaX'^^ 
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streams  take  the  name  of  the  Menomonee,  (Indian,  Wild-rice  river.)  The 
water  of  the  former  river  is  here  precipitated  from  a  height  of  twenty-four 
feet  over  a  ledge  of  this  rock  which  rises  in  sharp  ridges  on  the  adjacent 
banks.  The  direction  of  the  laminte,  at  this  point,  h  north  72°  west,  dip 
69®  south-east. 

As  we  descend  the  Menomonee,  the  hornhlende  and  mica  slates  are  found 
to  graduate  into  chlorite  and  argillaceous  slates.  At  portage  No.  1,  alter- 
nations of  thes|  rocks  are  observed — course  north  of  west  with  a  southerly 
inclination.  At  portage  No.  2,  the  chlorite  slate  forms  an  abrupt  ridge ; 
the  mass  contains  numerous  vesicles  filled  with  calc-spar — one  of  the  lew 
instances  observed  w^here  the  slates  assume  a  porphyritic  appearance — course 
north  75°  east, — dip  75°  southerly.  The  Twin  falls  break  through  two 
parallel  riJges  of  these  slates.  Here,  they  are  of  a  dark-green  color,  in 
some  places  iissile,  and  much  plicated,  but  in  others  compact.  Associated 
with  them  are  seams  of  quartz  ranging  and  dipping  with  the  enclosing 
rocks.  They  often  contain  scapolite,  and  the  sulphuret  cf  ircn  and 
copner.  The  meta  lie  contents,  however,  of  these  seams  were  regarded 
as  worthless.  Aside  from  their  conformable  inclination  and  bearing,  there 
can  be  no  doubt  that  they  are  contemporaneous  with  the  slates  and  in  the 
nature  of  beds,  not  veins ;  for,  among  the  loose  fragments  in  this  vicinity 
we  procured  specimens  of  quartz  whose  surfaces  were  beautifully  ripple- 
marked,  while  on  Cross- fracture  they  presented  a  compact  or  sub-crystalline 
structure  throughout.  These  water-lines  are  so  beautiful  and  regular  that 
we  have  thought  proper  to  append  a  sketch  of  them,  (Plate  XXL,  Figure 
2.)  They  clearly  prove  the  mechanical  origin  of  the  rock,  and  do  they 
not,  also,  throw  much  light  on  the  origin  of  the  associated  schists  ?  The 
compact  texture  may  be  regarded  as  the  result  of  metamorphism  ;  and 
while  this  agency  has  thus  modified  its  internal  structure,  it  has  failed  to 
deface  the  mould,  or  flask,  in  which  it  wr«  encased. 

At  the  Upper  lulls  the  strike  of  the  rocks  is  nearly  at  right  angles  to  the 
course  of  the  stream  ;  but  at  the  Lower  falls  the  contortions  are  so  great  as 
to  bring  the  strike  parallel  to  its  direction. 

The  whole  of  this  region  bears  upon  its  surface  the  marks  of  powerful 
abrasion,  resulting  frcm  the  drift  agency.  The  rocks  are  worn  bare, 
rounded,  polished  and  scratched.  Sand,  gravel,  clay,  angular  fragments  of 
rock  and  bouhlers,  are  mii  gle.l  together  confusedly,  and  piled  up  in  ridges 
a  hundred  and  fifty  feet  in  height.  At  this  poiht  the  striae  on  the  rocks 
bore  north  63'^  east. 

Between  the  Twin  falls  and  the  mouth  of  Muskos  river,  the  compact 
hornblende  prevails;  but,  at  the  rapids  above  the  latter  point,  the  fissile 
slates  aj)pear  with  occasional  plications.  A  short  distance  lelow,  are  seen, 
along  the  banks  of  the  Menomonee  and  in  its  bed,  angular  blocks  of  ash- 
grey  limestone,  some  of  which  ccntain  20C0  pr  3000  cubic  feet,  and  con- 
tinue* for  the  distance  of  half  a  mile.  From  their  magnitude  and  angularity, 
and  from  their  limited  distribution,  we  inferred  that  the  parent  mass  must 
exist  in  this  vicinity ;  but  the  hills,  which  here  rise  to  the  height  of  two 
hundred  feet,  are  covered  with  drift,  and  their  summits  are  strown  with 
boulders  arranged  in  lines,  among  which  Mr.  Desor  recognised  blocks  of' 
limestone  similar  to  those  in  the  bed  of  the  river. 

Within  township  39,  range  30,  occur  two  of  the  most  beautiful  cascades 

of  the  Menomonee,  the  Great  and  Little  Bekuenesec.     (For  a  sketch  of  the 

former,  see  Part  L  of  our  Report.)    Above  the  Upper  foils,  the  rocks  coa* 
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fist  of  blaclc,  compact  masses  of  serpentine,  exhibiting  few  sijns  of  bcddino;^ 
but  traversed  by  several  systems  of  joints.  They  take  into  their  composi- 
tion a  large  amount  of  magnesia,  and  appear  under  different  forms,  such  as 
hornblende,  steatite,  serpentine,  &c. 

At  tbe  head  of  Great  Bekuenesec  falls,  is  seen  a  rock  which  bears 
marked  evidences  of  igneous  protrusion.  It  does  not  appear  to  have  cut 
the  strata,  like  basalt  or  greenstone,  in  long  dykes  ;  or  to  have  flowed  over 
the  surface,  like  the  bedded  trap ;  but,  rather,  like  ejranite,  to  have  been 
elevated  in  a  pasty  coalition  through  a  wi  lely-exten  ling  fissure.  Like 
the  granite,  too,  it  presents  a  highly  crystalline  aspect,  and  is  cleft  by  nu- 
merous divisional  lines  into  cu!)oiilal  blocks.  Mineralogically,  it  might  be 
classed  as  prjtogine^  being  composed  of  feldspar,  quartz  and  talc,  arranged 
m  minute  crystalline  plates ;  but  geologically,  perhaps  this  classification 
might  not  be  recognized,  since  the  protogiie  of  the  Alps  belongs  to  a  much 
more  recent  epoch.  Occasionally,  hornblende  replaces  the  talc,  when  it 
passes  into  well-chnracterized  syenite. 

Near  the  foot  of  the  falls,  a  bed  of  drab-colored,  talcose  slate,  in  a 
nearly  vertical  position,  is  seen  ranging  north  70°  west :  to  this  succeed 
dark  masses  of  hornblende,  or,  perhaps,  the  term  serpentine  would  be  more 
appropricite.  Its  texture  is  conpact,  and  in  other  respects  different  from 
the  crystalline  mass  before  described. 

These  serpentine  rocks  reappear  at  the  head  of  Little  Bekuenesec  falls, 
while  at  the  foot,  the  drab-colored  and  silicious  slates  are  exposed,  bearing 
east  and  west  with  a  southerly  dip  of  80®.  Beds  of  quartz,  containing 
brown  spar  and  chlorite  and  magnetic  oxide  of  iron,  in  octohedral  crystals, 
and  copper  and  iron  pyrites,  are  here  observed,  but  they  offer  no  induce- 
ments for  mining  enterprise. 

Between  this  point  and  Sandy  portage,  the  dark-colored  spates  appear  on 
the  left,  in  vertical  cliffs,  rising  in  places  to  the  height  of  two  hundred  feet, 
and  where  they  assume  a  compact  structure,  resemble  basalts.  The  trail 
across  the  portage  winds  around  hills  of  drift-sand  one  bun  IrCvl  and  fifty 
feet  in  height,  but  alon^  the  river-banks  the  slates  are  occasionally  exposed 
b  a  nearly  vertical  position. 

The  serpentine  rocks  largely  predominate  between  Sandy  portage  and 
Sturgeon  falls,  often  appearing  in  masses  having  rounded  outlines,  and  tra- 
versed only  by  divisional  plants ;  but,  at  other  times, — for  example,  near  the 
head  of  the  falls,  —  they  display  a  bedded  structure  and  pass  into  steatite. 

In  passing  this  portage,  a  ridge  is  intersected  bearing  north  of  east  and 
south  of  west,  having  very  much  the  external  characters  of  granite,  but 
naneralomcally,  it  approaches  protogine.  It  is  traversed  by  different  sys- 
tems of  joints,  which  cleave  the  mass  into  ciiboidal  blocks ;  here  are  also 
in-egular  fissures  filled  with  magnesian  carbonate  of  lime  and  serpentine, 
with  traces  of  carbonate  of  copper,  but  they  have  not  the  regularity  or 
the  productiveness  of  true  veins.  Near  the  foot  of  the  falls,  is  seen  an 
entangled  mass  of  slates,  cuneiform  and  about  twenty  feet  in  thickness. 

Similar  patches  of  slate  are  seen  intercalated  among  the  dark-green  igne- 
ous rocks,  as  we  descend  the  stream.  The  gradations  between  tne  crystal- 
line, massive,  porphyritic  and  fissile  varieties  of  rocks  are  infinite,  and  seem 
to  set  at  defiance  ail  attempts  at  classification. 

At  Quiver  falls,  the  rocks  in  the  main  are  finely  granular,  but  occasion- 
ally, crj^stals  of  red  feldspar  are  seen  disseminated  through  a  light-greea 
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base.    At  the  head  of  the  first  island  below,  a  highly  crystalline 
stone  is  seen,  and  to  this  succeed  the  compact  varieties. 

At  Pemenee  foils,  the  rocks  assume  a  basaltic  structure,  being  dark- 
green,  close-grained,  and  possessing  a  high  specific  gravity.  They  are  tra- 
versed by  numerous  lines  of  division,  dividing  the  mass  into  cubic  blocks. 
Veins  of  quartz  are  observed  near  the  foot  of  the  falls,  three  or  four  inches 
in  thickness,  associated  with  brown  oxide  of  iron,  bearing  nearly  east  anci 
west,  and  dippmg  28°  to  the  north. 

This  rock,  occasionally  porphyritic,  prevails  as  far  down  as  Chippewa 
island,  where  it  comes  in  contact  with  talcose  slates,  of  a  light  red  and 

frey  color,  beautifully  variegated,  bearing  north  80°  west,  and  inclining 
ut  a  few  degrees  from  a  perpendicular.  Between  the  two,  thpre  is  a 
pretty  disti  ict  line  of  demarcation.  At  the  immediate  point  of  contact, 
the  lines  of  bedding  are  destroyed,  but  a  foot  or  two  removed,  they  become 
conspicuou'.  There  is  much  sulphuret  of  iron,  in  the  form  of  cubic  crys- 
tals, disseminated  through  the  serpentine  rocks.  Near  the  foot  of  Chip* 
pewa  islanJ,  the  slates  become  porphyritic,  containing  large  crystals  of  red 
feldspar,  and  the  dark  serpentine  rocks  are  seen  in  proximity.  Numerous 
alternations  of  these  compact  and  fissile  rocks  are  observed  in  this  vicinity, 
the  former  occasionally  changing  to  a  crystalline  structure. 

Near  here,  on  the  left  bank  of  the  river,  the  Potsdam  sandstone  is  seen 
reposing  in  i  horizontal  position  upon  the  upturned  edges  of  the  slates  and 
filling  tne  p  -eexisting  depressions  in  the  serpentine  rocks.  A  detailed  de- 
scription of  this  pouit  will  be  given  when  we  copie  to  treat  of  the  Silurian 
system.  A  few  miles  further  down,  the  following  section  (Fig.  2,)  was  ob- 
served by  Messrs.  Whittlesey  and  Desor. 

Fig.  2. 


Junction  of  the  Azoic  and  Silurian  Series^ 

1.    Drift.        2.    Sandstone,  horizontal.        8.    A  mass  of  brittle,  red  oxide  of  iron^  or  red 

chalk.        4.  Serpentine  rock. 

The  drift  here  forms  a  bank  sixty  feet  in  height,  and  although  the  sand- 
stone is  not  seen  in  immediate  contact  with  the  other  rocks,  there  can  be 
no  doubt  of  the  order  of  superposition.  The  layers  are  nearly  horizontal, 
and  consist  of  coarse-grained  silicious  particles,  of  a  yellow  color,  and 
slightly  coherent.  At  the  water's  edge,  a  reddish  slaty  rock,  impregnated 
with  the  peroxide  of  iron,  is  observed,  the  laminae  inclining  slightly  from  a 
perpendicular,  while  a  little  farther  removed,  a  mass  of  serpentine  rock  i;^ 
displayed  in  the  same  position. 
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Below  this  point,  the  compact  serpentine  rocks  largely  predominate  over 
the  schistose,  and  are  seen  at  short  intervals  in  the  be.l  of  the  stream,  as 
far  down  as  the  mouth  of  Pike  river.  Bands  of  quart :  are,  also,  found  in- 
tercalated. The  underlying  rock  at  the  White  Rapids,  according  to  Mr. 
Desor,  is  of  this  character,  with  tlie  Potsdam  sandstone  reposing  unconfor- 
mably  upon  it,  and  tilling  up  a  preexisting  depression  in -its  surface. 

The  beds  of  sandstone  above  described  may  be  regai'ded  as  outliers  of 
the  great  zone  which  encircles  all  of  the  granite  and  azoic  rocks  of  this 
region.  On  the  geological  map  we  have  extended  it  as  high  up  as  Chip- 
pewa island,  where  it  was  first  observed.  Here,  probably,  w^ere  its 
ancient  limits,  and  the  underlying  rocks  were  laid  bare  during  the  drift 
epoch,  when  the  whole  of  this  region  was  powerfully  abraded.  ^ 

From  the  White  Rapids  to  the  mouth  oi  the  Menomonee,  about  thirty 
miles  distant  in  a  linear  direction,  the  country  is  successively  occupied  by 
the  lower  groups  of  the  Silurian  system;  first,  by  the  Potsdam  Srmdstone, 
extending  to  near  the  Grand  Rapi.ls ;  next,  by  the  calciferous  sandstone, 
reaching  within  sixteen  miles  of  Green  Bay ;  and  next,  by  the  Trenl^^n 
limestone,  occupying  the  intervening  space.  They  repose  conformably 
apon  one  another  and  incline  at  a  very  slight  angle  to  the  south-east.  A 
description  of  these  rocks  forms  no  part  of  the  subject  matter  of  this 
chapter. 

The  topographical  features  of  the  region,  along  the  line  of  the  section 
just  described,  are  somewhat  striking.     The  explorer,  leaving  the  waters  of 
JLake  Superior,  passes  over  a  succession  of  parallel  ridges,  with  rounded 
outlines,  rising  higher  and  higher,  until  he  attains  the  summit  level — 1200 
£eet — within  about  twelve  miles  of  Keweenaw  bay,  when  he  strikes  the 
sources  of  the  Menomonee.     Following  along  a  fonditudinal  valley  occu- 
pied by  a  series  of  beautiful  lakes  and  meadows,  he  comes  to  where  the 
Abaters  are  accumulated  in  one  great  reservoir,  1014  feet  above  the  level  of 
<}reen  Bay  —  whose  outlet  is  through  a  transverse   fissure  irt  the  hills. 
"With  a  frail  canoe  and  a  couple  of  attendants,  he  commences  the  descent  of 
"the  Machi-gamig.     Day  after  day,  he  glides  along  the  wooded  banks,  with- 
out encountering  a  trace  of  man ;    running,  with  rqce-horse  speed,  the  nu- 
merous rapids ;  or,  where  too  formidable,  he  lands  and  makes  the  portage. 
At  night,  he  draws  up  his  canoe,  and  camps  beneath  the  shelter  of  a  clump 
of  pines.    Occasionally,  he  observes  traces  of  the  otter  and  beaver,  arid  the 
tracks  of  the  bear,  the  wolf,  or  the  deer,  impressed  upon  the  sands  by  the 
river  margin. 

The  valley  of  the  Menomonee  has  an  uninviting  aspect.  The  fires  of 
Ae  Indian  have  repeated !y  swept  through  the  woods,  destroying  the  prime- 
val growth,  and  the  charred  and  branchless  trunks  rise  up  above  the  birch 
aad  aspen  which  have  subseauefttly  taken  root.  Abrupt  ridges,  attaining 
no  great  elevation,  traverse  the  country  in  fin  easterly  and  westerly  direc- 
tion, and  serve  to  relieve  the  dreary  monotony  of  the  scene. 

The  river  itself  abounds  in  rapids,  cascades  and  water-falls ;  and  these 
are  so  numerous  and  formidable  that  it  can  never  be  navigated,  except  by 
canoes.  It  drains  an  area  of  not  less  than  1200  souare  imles  which  offera 
few  inducements  to  the  agriculturalist.  * 
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To  illustrate  still  farther  the  relations  of  the  different  formations, 
append  the  following : 

The   subjoined  information  is   quote( 
from  the  MS.  of  Mr.  Whittlesey. 

"  On  the  elevation  about  a  mile  north  oF^ 
the  line  between  townships  41  and  42  ^ 
are  seen  very  large  blocks  of  saccbaroi — 
dal  limestone,  quartz,  granite,  greenstone, 
and  specular  oxide  of  iron.     One  com- 
posed of  quartz  and  feldspar  was  8  by  10^ 
by  12  feet. — One  of  variegated  marble, 
green  and  white,  was  4  by  12  by  8.     I 
saw  but  two  exposures  of  the  latter  rock, 
one  on  section  3o,  the  other  on  section 
36,  due  east.     The  beds  were  nearly  co- 
vered with  debris  and  scarcely  observable 
at  the  distance  of  a  rod.     I'he  iron  rep- 
resented by  the  large  blocks  cannot  be  far 
distant,  although  I  saw  none   in   place, 
nor  did  the  surveyor,  Mr.  Burt,  in  run- 
ning the  township  lines.     The  needle  is 
•not  as  much  affected  here  as  is  usual  in 
the   vicinity  of  iron,  in  fact,  the   pieces 
which  I  broke  from  the  blocks  did  not 
sensibly  disturb  it.     The  variations  given 
by  Mr.  John  Burt,  in  IS  19,  were  as  fol- 
lows :  At  the  S.  W.  corner  of  section  34, 


V. 

eg  w 

55  s  2 

CO 


CQ 

Tt 


a 
o 

c/2 


!.«* 


I 


a  to 


rJ2   2 

o 
o  o 

§tJ  I 

bog  o 

W   «?§ 
^    O  -5 

J     .00 

o 

^       o 

-•■'  "C  2 

$-:  S  « 

•*J  CO 

I     " 

CQ  >P4  "H 


0^  5'  E. ;  one  half  of  a  mile  N.  along 
thp  W.  side  of  34,  6^^  E. :  which  is  near 
^^  J*   the  average  variation  of  the  place  with- 
05  c  .    out  disturbance.     At  the  middle  of  the 
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west  line  of  section  3r5,  or  one  mile  east 
of  the  last  stition,  it  was  15^  15' E.,  and 
,1      §  -^^  I    one  mile  farther  E.  9^  30'  W,    On  the  S. 
•^1 1    E.  quart(  r  of  section  36,  it  was  3^  5'  E. 
i^\    and  a  few  rods  N.,  18^'  30'  E. ;  but  both 
of  the  above  extreme  variations  were  ta- 
ken near  large  bMcks  of  iron. 

Most  of  the  iron  is  of  a  dull -I  lack 
color,  massive  and  tough,  containing  nlex 
in  the  form  cf  chert,  approaching  hrrn- 
stone;  but  much  of  it  4s  quite  pure  yield- 
ing from  fifty  to  seventy-five  per  cent,  of 
ore. 
^  The  limestone  is  sometimes  of  a  yel- 

lowish tinge,  resembling  the  calciferuus 
sandstone,  or  lower  raaipesian  limestone ;  but  at  other  times,  it  is  pure- 
white  and  green,  beautuully  mingled,  and  is  adapted  to  ornamental  pur- 
poses. 
The  space  between  this  iron  and  marble  ridge  and  the  next  elevatiuD 
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south  is  covered  with  a  swamp  which  is  drained  by  the  waters  of  Cedar 
river,  near  its  source.  It  is  doubtless  underlaid  by  a  confused  mass  of 
hornblende,  qjartz  and  granite.  These  rocks  are  exposed  for  several 
miles  to  the  south :  in  fact,  I  saw  them  about  a  half  mile  to  the  east  of  the 
swai..p.  The  alternations  of  these  rocks  represented  in  the  section  for 
three  miles  present  features  strongly  contrasting  with  tho  surrounding  coun- 
try. They  are  for  the  most  part,  denuded,  and  show  sharp,  steep  faces 
from  twenty  to  eighty  feet  in  height,  bearing  east  and  west,  the  escarp- 
ments being  on  the  south  side.  Red  and  S:noky  quartz  are  abundant.  There 
are,  also,  quartz  veins  and  masses  of  quartz  within  the  hornblende  and 

Sranite.     The  northern  portion  of  these  crags  is  generally  hornblende, 
t)i*ous  or  co;npact :  the  granite  contains  silvery  mica  and  occasionally 
pass  s  iiito  syenite. 

From  these  ru^ge.l  rocks,  we  passed  to  a  region  of  pines,  growing  upon 
rol  ing  land,  compos^rd  of  sand  and  drift,  which  conceal  the  rocks  for  three 
miles,  consisting  probably  of  talcose  slates,  as  seen  a  few  miles  west.  These 
slates  have  been  more  powerfully  abraded  than  the  other  rocks,  from  their 
fissile  structure  and  their  yielding  nature. 

On  the  Correction  line  between  townships  40  and  41,  is  a  mass  of  vesic- 
ular quartz  which  presents  a  remarkable  appearance,  resembling  the  fibres 
of  fossil  wood.  The  dip  is  N.  W.  by  VV.  at  a  high  angle.  It  is  of  a  red, 
or  yellow  color,  and  at  first  was  mistaken  for  sandstone.  "  On  the  north 
side  of  the  stream,  "  quoting  from  the  notes  of  Mr.  Desor,  "  it  forms  a  ledjje 
twenty-five  feet  in  height ;  but  on  the  opposite  side,  bluffs  of  pure  white 
quartz  rise  from  one  hundred  to  two  hundred  feet  in  height.  -It  is  appa- 
rently bedded  and  cut  through  by  joints,  extending  from  the  summit  to  tne 
base.  At  one  place  near  the  line,  it  may  be  seen  passing  into  a  hornblende 
slate,  and  stUl  farther  north,  into  gneissoid  rock.  Proceeding  east,  we 
found  the  rock  assuming  a  gneissoid  appearance,  sometimes  in  layers  and 
sometimes  compact.  As  a  general  result,  it  seems  to  me  that  the  quartz 
rock  and  hornblende  are  but  a  variation  of  the  same  thing.  At  the  second 
section  corner  the  rocks  rise  high,  smooth  and  rounded  to  the  north, 
but  precipitous  to  the  south.  One  fourth  of  a  mile  fiirther  east,  is  a  ridge 
of  black  nornblenJe  with  intercalated  seams  of  quartz.  " 

About  three-fourths  of  a  mile  further  south,  on  the  line  of  the  profile, 
the  Quartz  is  again  observed  in  thick  beds  dippir^  west  at  an  angle  of  25°, 
portions  of  which  possess  a  remarkable  fibrous  structure. 

Ascending  from  the  Sturgeon  river  to  the  south,  the  slope  is  covered  to 
tn  unknown  depth  with  large  water-worn  boulders  of  igneous  rocks,  and 
lone  few  of  metamorphic  origin,  with  very  little  earth  intermingled. 
,We  had  before  observed  this  phenomenon,  but  never  in  so  marked  a  degree. 
This  collection  covered  the  northern  face  of  two  successive  ranges.  The 
subjacent  rock  is  doubtless  the  slaty  talc  seen  near  som#  small  lakes,  two 
miles  west.  • 

On  the  north  side  of  Lac  Furaee,  or  Smoke  lake,*  in  section  23,  town- 
ship 4D,  range  30,  there  is  a  sharp  anrl  elevated  rilge  rising  apparently  to 

•  For  the  want  of  a  bettor  n.inie,  I  call  this  shoot  of  water  Smoke  1  ike.  It  was  a  dtrk 
Ml  rainy  diy  when  we  mulj  our  examinations.  Following  the  section  line  to  Wn  northi'm 
ihore.  we  wore  obliged  to  build  a  1  irge  flro  on  a  tcrnice  about  one  hnndr^:  \  foot  il>ov  3  its 
•Qrfico.  In  or  I  jr  th  it»  after  wo  had  m  id  j  the  toiir  of  the  west  end.  wo  might  know  by  satMng 
tht* compiss  when  wo  werj  opposite  the  lino.  The  Cana^liin  voyageum  as  they  looktad. b4i^ 
M  Mw  tb9  aso^ding  columa  Qi'  smvko,  excUiiu^  «  Lae  Fumit  I  Lac  Fumit  l*^ 
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the  height  of  three  hundred  and  fifty  feet  above  the  lake,  which  I  estimate 
at  two  Hundred  feet  above  the  Little  Bekuenesec  falls.  *  This  ridge  is  an 
out.ier  of  the  lower  portion  of  the  Silurian  rocks ;  the  Potsdam  sandstone 
and  calciferous  sandstone  are  found  resting  undisturbed  upon  the  azoic 
rocks  below.  The  junction  is  not  seen,  but  there  can  be  no  doubt  that  this 
is  their  relative  position.  Farthef  to  the  south-east,  I  saw  the  sandstone 
in  two  places  in  the  same  position,  the  talcose  slates  existing  not  far  dis- 
tant. The  slopes  of  the  hills  on  both  sides  of  the  lake  are  composed  of 
heavy  masses  of  coarse  drift  effectually  concealing  the  rocks.  The  summit 
on  the  south  is  more  elevated  than  the  base  of  the  Potsdam  sandstone,  but 
shows  no  trace  of  that  rock.  In  its  lithological  characters,  it  may  be  de- 
scribed as  a  soft  rock,  composed  of  grains  of  silex,  of  a  reddish-brown 
color,  with  a  few  black  and  red  jaspery  pebbles  interspersed.  Notwith- 
standing its  softness,  arising  from  the  want  of  adhesion  between  the  parti- 
cles, it  resists  the  weather  perfectly  well.  The  exposure  is  slight,  but 
distinct,  and  extends  along  the  northern  slope  of  the  ridge  for  a  quarter  ot 
mile. 

The  calciferous  sandstone,  which  reposes  conformably  upon  it,  is  here 
about  one  hundred  feet  in  thickness,  and  comes  to  the  siu*face  at  the  sum- 
mit. This  does  not  represent  the  entire  thickness,  the  top  having  been 
denuded.  It  is  impossible  to  determine  the  thickness  of  the  Potsdam  sand- 
stone here,  but,  about  two  miles  to  the  south,  I  saw  at  least  one  hundred 
and  fifty  feet  of  it  exposed.  The  calciferous  corresponds  perfectly,  in  ex- 
ternal characters,  with  that  of  the  Wolf  and  Oconto  rivers,  in  Dr.  Owen's 
district.     No  traces  of  organic  remains  were  observed. 

On  sections  34  and  35,  the  compact  marble  belonging  to  the  azoic  sys- 
tem appears  in  ledges  from  ten  to  sixty  feet  in  height,  dipping  N.  E.  by  E 
70°,  but  there  is  little  uniformity  in  its  strike  or  inclination,  and  but  slight 
traces  of  bedding.  Its  prevailing  color  is  a  pale  blue,  like  that  at  Muskos 
river,  beautifully  marked  with  white,  green  and  red  stripes.  It  can  be 
quarried  in  large  and  solid  blocks,  is  susceptible  of  a  high  polish,  and 
would  afford  a  highly  ornamental  material  for  many  architectural  purposes. 

Here  the  fluctuations  of  the  needle  are  so  great  as  to  indicate  the  prox- 
imity of  a  large  mass  of  magnetic  iron,  although  none  was  observed  within 
three  or  four  miles  to  the  west.  At  a  point  one  mile  west,  the  variation  is 
given  by  Mr.  Mullet,  the  linear  surveyor,  at  90^  80'  E. ;  one  half  mile 
farther  west,  at  2'^  50"  E.,and  thence,  being  frequently  tiikcn  for  the  next 
half  mile,  gives  164"  E.,  48"  30' W.,  22"  45' W.,  47°  30' W.,  17°  2o'W., 
and  10°  30'  W. ;  turning  north  one  half  a  mile,  it  was  0°  45'  E. 

On  section  30,  about  four  miles  north-west  by  west,  from  where  the  pro- 
file cuts  the  line  between  townships  39  and  40,  is  a  consj  icuoiis  iron  moun- 
tain, which  extends  towards  the  seat  of  these  variations.  There  is,  also, 
near  the  north- w?st  side  of  Lac  Fumee,  on  the  huge  drift  hills,  which  co\er 
the  rocks  to  the  ^lepth  of  one  or  two  hundred  feet,  a  great  local  disturb- 
ance. The  state  of  the  country  is  such  as  to  render  geological  explorations 
difficult,  being  covered  with  bushes  and  burnt  logs. 

There  are,  on  the  upper  Menominee,  large  tracts  of  land  originally 
covered  with,  pine,  which  have  been  prostrated  by  hurricanes  and  alter- 
wards  burnt.  These  districts  are  called  "  brules.^'  The  second  growth 
consists  of  white  birch,  aspen,  pine  and  hazel.  The  fires  of  the  Indians 
frequently  sweep  through  the  new  growth,  destroying  it,  and  giving  room 
fpr  another  grov^th*    The  explorer,  therefore,  commands  a  view  of  little 
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more  ground  than  that  on  which  he  .stands,  and  may  pass  very  near  a  low 
exposure  of  rock  and  not  see  it. 

The  "Iron  ridge"  to  the  south-west  of  Antome's  lake,  is  the  only  ex- 
posure of  ore  I  saw  in  place,  and  this,  for  the  most  part,  is  covered  with 
V.'  rift.  It  probably  extends  along  the  range  south  of  Lake  Antoine  and  Lac 
^umee,  to  near  the  meridian  of  the  profile,  between  sections  34  and  35. 
ihe  variation  at  the  iron  ridge  is  17°  E.,  and  proceeding  one  mile  east,  it 
'jj  successively  0**  00^  18°  W.,  22°  W.  and  15°  30'  W.  I  do  not  consider 
:::uctuations  in  the  needle  as  an  infallible  sign  of  the  proximity  of  iron,  but 
'-  very  good  sign.  There  are  other  rocks  which  affect  the  needle,  and  there 
«re  beds  of  iron  which  do  not  affect  it.* 

Between  this  exposure  of  limestone  and  the  Menomonee  river  is  an  ex- 
pensive plain  of  sand-drift  covered  with  dwarf  pines.  On  the  east  and  next 
'0  the  nver,  this  heavy  deposit  of  loose  materials  assumes  the  form  of  hills, 
und  water-worn  gullies,  and  rests  upon  the  talcose  rocks  which  appear  in 
he  river  banks,  especially  at  the  Twin  falls,  the  Great  and  Little  Bekuene- 
*"tc  falls  and  at  the  Sandy  rapids.  There  are  patches  where  ^the  rock  is 
u.ore   ferruginous  and  compact,  like  greenstone,  but  the  mass  is  either 

■*  ^^}}  ^^  compact  talc. 

The  mass  of  specular  and  magnetic  oxide  of  iron  in  the  south  part  of 
•  f  wnship  40,  range  30,  is  believed  to  be  the  most  southerly  of  all  the  beds 
i>  this  cegion.  It  is  exposed  at  the  west  end  of  a  hill  about  one  hundred 
feet  high,  rising  to  the  east  one  hundred  and  fifty  feet,  and  occupying  a 
width  of  from  one  hundred  to  two  hundred  feet.  Nothing  but  slaty  ore 
IS  seen  for  the  distance  of  forty  rods  on  the  summit.  At  tne  sides,  as  we 
descend,  the  dr^ft  and  boulders  have  been  piled  up  around  the  mass.  It  is 
a  specular  ore,  of  a  bluish-black  color,  fine-grained,  and  gives  a  red  streak. 
On  the  south  and  east,  there  is  an  abundance  of  wood  for  charcoal,  and 
•he  water-power  of  che  stream  near  the  ore  is  unlimited.  The  Menomonee 
is  not  fitted  for  navigation,  and  hence  the  outlet  for  these  ores  should  be 
through  Bay  des  Noquets,  forty-two  miles  distant." 

Thickness  of  this  System*     Foldings  of  the  Strata, — All  attempts  to 

'estimate  the  thickness  of  the  various  schistose,  calcareous  and  quartzose 

'•eds,  must  prove  merely  approximative.     They  occupy  a  belt  which  in  its 

videst  expansion  reaches  not  less  than  eighty  miles  in  width,  and  wherever 

'  vposed,  have  ah  inclination  approaching  verticality.   If  we  wei*ie  to  deduct 

'  le  spaces  occupied  by  the  purely  ignepus  rocks,  and  then  measure  across 

< '  e  basset  edges  of  those  supposed  to  be  sedimentary,  the  result  Would 

'  ve  us  an  incredible  thickness — a  thickness  far  surpassing  that  of  the  whole 

-eries  of  rocks  heretofore  observed^  from  the  base  of  the  Silurian  to  the 

^  rowningnncitiber  of  the  tertiary.     It  is  highly  probable  that  the  beds  are 

*•  rranged  in  a  series  of  flexures  resembling  those  represented  in  Plate  XXI., 

^igu^e  1,  but  with  broader  and  deeper  curvatures,  and  that  the  observer,  in 

I  massing  over  the  outcropping  edges,  beholds  numerous  repetitions  of  the 

^ame  beds ;  they  have,  however,  been  so  repeatedly  shattered  by  earth- 

<]uakes,  so  disturbed  and  forced  asunder  by  igneous  protrusions,  and  so 

*t\etamorphosed  by  direct  and  transmitted  heat,  that  it  is  impossible  to 

•  Mr.  Willjain  A.  Burt  states,  that  in  passing  from  the  Machi-gamig  ihlls  to  Fort  river,  in 
1846,  he  intersected  a  low  ridge  of  iron,  not  far  from  the  comer  of  t<:)vvnship  41  and  42,  be- 
tween ranges  29  and  80.    The  mass  was  VC17  pure,  banded  and  jointed,  of  a  granular  or 
micaceous  structure,  and  having  a  metallic  lustre.    This  was  not  sttb»oquently  met  wlllk  ui 
Turning  the  township  lin^s. 
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Elace  their  contintiity  except  over  limited  areas.  If  we  cot3?(1  tmfold  the«t 
eds,  and  stretch  them  out  in  a  nearly  horizontal  position,  as  Mhen  first 
deposited,  they  would  require  a  far  greater  space  tnan  they  now  occupy. 
The  causes  by  which  these  foklings  have  been  effected,  will  be  discussed  in 
a  subsequent  chapter. 

We  have  thus  described  the  ranee,  extent,  and  mineral  peculiarities  of  a 
series  of  rocks,  detrital  in  their  origin,  interposed  between  the  granite  and 
the  base  of  the  Silurian  system.  Throughout  their  whole  extent,  they  are 
more  or  less  metamorphosed,  presenting  a  series  of  gradations,  represented 
at  one  extreme  by  crystalline  gneiss  and  compact  hornblei.de,  and  at  the 
other  by  bedded  limestone  and  ripple-marked  quartz.  To  the  presence  of 
granitic  and  trappean  rocks  this  transformation  is,  in  a  great  degree,  to  be 
attributed.  Much  of  the  compact  hornblende  presents  the  external  cha- 
racters of  an  igneous  product ;  but,  since  it  is  found  to  occupy  an  almost 
invariable  relation  to  the  granite  axes — flanking  their  slopes — and  to  as- 
sume a  fissile  structure  as  it  recedes  fr'om  the  lines  of  igneous  outburst,  we 
cannot  but  regard  it  as  the  more  highly  metamorphosed  portions  of  the 
dartjcfeen  chlorite  slates.  This  compact  hornblende  is  not  to  be  con- 
foiiW|«l  with  those  lenticular-shaped  masses  observed  in  the  slates,  which, 
we  doilbt  not,  are  trappean  in  their  nature. 
"^^jjllJVe  have  seen  that  those  igneous  causes  which  produced  numerous  axes 
oWjU^rjtion,  and  folded  the  strata  into  a  series  of  flexures,  had  ceased  to 
operat^  before  the  deposition  of  the  Silurian  groups,  since  they  are  found 
to  repose,  in  a  neaijjj^gkizontal  position  upon  the  upturned  edges  of  the 
slates,  or^tooccupy'^B^inuosities  in  the  granite,  nowhere  exhibiting  traces 
of  metamorphism  or  derangement  of  the  strata.  We  do  not  now  allude  to 
the  rene viral  of  those  Igneous  causes  as  manifested  on  Keweenaw  Poiiit  and 
Isle  Royale  during  .the -Silurian  epoch,  producing  a  class  of  igneous  pro- 
ducts widely  differe'iU.  from  those  associated  with  the  rocks  of  the  azoic 
system.  In  a  fornaer  report  (Part  L)  we  have  described  the  igneous  rocks 
of  the  Silurian  ep^j^^sjappearing  under  a  variety  of  aspects,  such  as  crys- 
talline greenston^.porj'^^hyry,  granular  trap,  and  a  highly  cellular  amygda- 
loid, diflering  littfe^  from  modern  lava,  except  that  the  cells  are  filled  with 
various  zeolitic  minerals. 

From  the  Jocal  details  above  given,  it  will  be  seen  that  the  igneous  rocks 
of  the  azoic  period,  though  crystalline,  compact,  and  occasionally  porphy- 
ritic  in  theiriijexture,  are  never  amygdaloidal ;  and  hence  we  infer  that  they 
were  produged'  under  w^idely  did'erent  conditions.  The  latter  may  have 
been  consoiulated'/beneath  the  pressure  of  a  deep  ocean,  while  from  the 
former  a  greater  part  of  this  pressure  may  have  been  removed  ;  or  it  may 
be  that  both  were,  in  the  first  instance,  equally  vesicular,  but  that  the  latter 
assumed  a  crystalline  or  compact  structure  from  long-continued  exposure 
to  heat,  under  immense  pressure.  All  the  phenomena  •.ould  seem  to  indi- 
cate that  the  eruption  of  the  trappean  rocks  of  this  period  took  place  be- 
neath an  ocean  of  great  depth ;  or,  ^i  least,  under  conditions  widely  dif- 
ferent from  those  which  prevailed  during  the  formation  of  the  trappean 
belts  of  Keweenaw  Point  and  Isle  Royale. 
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REMARKS. 

The  investigations  of  geologists  in  different  parts  of  the  world,  within 
the  last  few  years,  have  clearly  demonstrated  the  existence  of  a  series  of 
non-fossiliferous  rocks  below  the  Silurian  or  Cambrian  systems,  and  there 
can  be  no  doubt  that  they  are  destined  to  occupy  a  conspicuous  place  in 
the  classification  of  the  rocks  both  of  Europe  and  America.  At  the' 
meeting  of  the  Apaerican  Association  at  Cincinnati,  in  the  spring  of  1851, 
we  made  the  development  of  this  system  in  the  northern  portion  of  the 
United  States  and  Canada  the  special  subject  of  a  communication.  Profes- 
sor Mather,  after  having  confirmed  the  accuracy  of  our  views,  from  per- 
sonal observation,  stated  that  he  had  observed  the  continuation  of  this  sys- 
tem near  the  sources  of  the  Mississippi,  and  on  the  waters  of  the  St.  Peter's. 
Its  existence  in  Mi3S0uri,  where  it  is  associated,  as  on  Lake  Superior,  with 
immense  beds  of  magnetic  and  specular  iron  ore,  is  rendered  certain  by  the 
observations  of  Mr.  Mersch,  which  will  be  found  incorporated  in  the  sub* 
sequent  pages  of.  this  report.  At  this  meeting,  Dr.  King,  who  has  exam-* 
ined  this  region  with  much  care,  confirmed  these  views,  and  we  regret  that 
the  proceedings  have  not  yet  been  made  public,  that  we  might  quote  his 
remarks  in  full. 

Dr*  Engelman,  also,  on  that  occasion,  described  a  series  of  azoic  rock^^ 
as  occurring  in  Arkansas,  between  Little  Rock  and  ^he  Hot  Springs,  which 
present  a  striking  analogy  with  those  of  Missouri  and  Lake  Superior,  con- 
sisting of  talcosc,  silicious  and  crystalline  hornblende  slates,  often  highly 
inclined,  with  beds  of  dark-blue  limestone.  On  these  older  rocks,  rests  un- 
conformably  a  sandstone,  probably  analogous  to  that  of  Lake  Superior. 
VVithin  this  district  of  non-fossiliferous,  stratified  rocks,  occurs  a  beautiful 
syenite.  The  vast  masses  of  micaceous,  or  sub-magnetic  oxide  of  iron, 
^hich  occur  in  Missouri,  find  their  representative  in  the  well  known  "  Arkan- 
»^  Magnets,"  or,  in  the  iron  ore  of  Magnet  Cove.  It  is  here  associated 
*ith  the  interesting  titaniferous  minerals,  schorlamite,  arkansite,  or  Brook- 
^tc,  and  also,  elaeolite.  Dr.  E.  thinks  he  has  traced  this  series  on  the 
Northern  branefaes  of  the  Colorado  in  Texas. 

In  the  eastern  portions  of  the  United  States,  there  can  be  no  doubt  of 
Jie  existence  of  this  system. 

We  are  satisfied  from  personal  observation  that  it  flanks  the  Adirondack 
'"ange  in  New  York,  where  it  is  associated  with  hypersthene  rocks  and  with 
Masses  of  sub-magnetic  oxide  of  iron,  below  the  Potsdam  sandstone. 

The  Messieurs  Rogers  describe  a  series  of  obscurely  stratified  rocks  in 
Pennsyltania  and  Virg'mia  occupying  the  same  relative  position,  known  as 
the  gneissoid  series.    They  undoubtedly  flank  tlie  Appalachian  chain  on 
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the  east,  throughout  their  entire  range,  and  will  prob^lhly  be  fousd  weD 
developed  in  Tennessee  and  North  Carolina. 

In  Europe,  the  existence  of  this  series  has  been  established  beyond  con- 
troversy. It  has  been  shown  by  eminent  geologists,  especially  by  Murchi- 
son  and  de  Yemeuil,*  that  the  lowest  beds  in  Scandinavia,  containing  the 
least  traces  of  organic  life,  are  the  exact  equivalents  of  the  Lower  Silurian 
strata  of  the  British  Isles,  and  that  these  have  been  distinctly  formed  out 
of,  and  rest  upon,  slaty  and  other  rocks  which  had  undergone  crystalliza- 
tion before  their  particles  were  ground  up  and  cemented  together  again  to* 
compose  the  earliest  beds  in  which  organic  life  is  traceable.  To  this  most 
ancient  system  of  rocks  in  Scandinavia,  they  have  given  the  name  of 
azoic.  By  this  term,  they  do  not  mean  dogmatically  to  assert  that  nothing 
organic  could  have*  been  in  existence  during  the  earliest  times,  when  those 
rocks  were  in  the  process  of  formation,  but  simply  to  express  the  great 
fact,  that,  as  far  as  our  present  state  of  knowledge  goes,  we  look  in  vain 
for  any  traces  of  organic  life,  and  it  seems  probable  that  they  were  formed 
under  such  physical  conditions  that  nothing  living  could  have  flourished 
during  that  period. 

The  great  mass  of  rocks  in  Scandinavia  is  made  up  of  a  crj'stalline, 
granitic  gneiss,  presenting  an  almost  infinite  succession  of  feldspathic, 
quartzose,  micaceous  and  hornblendic  laminae,  which  are  often  highly  con- 
torted, though  a  general  strike  or  direction  may  be  traced  over  a  large 
tract  of  country.  These  rocks  are  by  no  means  to  be  confounded  with  the 
metamorphic  Silurian  strata,  occurring  undejia  similar  and  analogous  form 
in  the  same  country.  These  azoic  rocks  are  often  disturbed  and  cut  through 
by  dykes  of  greenstone  and  traversed  by  countless  veins  of  granite. 

It  is  evident  from  the  direct  comparison  of  the  more  ancient  azoic  with 
newer  metamorphic  Silurian,  that,  from  lithological  characters  alone,  no 
distinction  could  be  drawn  between  them,  and  It  is  only  where  the  most 
conclusive  evidence  is  afforded,  by  superposition  of  the  latter  unconforma-' 
bly  upon  the  former,  that  they  can  be  clearly  recognized  and  defined 
belonging  to  different  ages. 

De  la  Beche  remarks  that,  although  alterations  in  the  mineral  characte 
of  the  fossiliferous  rocks,  from  the  influence  of  intruded  igneous  matter  i 
a  molten  state,  or  arismg  from  other  modifying  causes,  often  produce 
slates,  hornblende  slates,  gneiss  and  other  forms  of  laminated  and  stratifle^l 
deposits,  with  a  peculiar  aspect,  there  appears,  nevertheless,  evidence  i 
Scandinavia  and  the  British  Isles,  and  also  in  other  parts  of  Europe, 
show  that,  beneath  all  the  fossiliferous  rocks,  there  are  mica  and  chlorit 
slates,  quartz  rocks,  crystalline  limestones,  gneiss,  hornblende,  and  othe 
rocks  of  earlier  production.   These  may  be,  indeed,  merely  altered,  or  met 

'  BumsIa  and  thtt  Ural  UouatauiS|  YoU  l>  p  10. 
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osed,  detrital  and  chemical  deposits  of  earlier  times,  and  possibly 
remains  may  eventually  be  discovered  in  them ;  but  until  this  shall 
,  it  seems  desirable  to  keep  them  asunder,  for  the  convenience  of 
r  previous  accumulations  to  those  known  as  the  Cambrian  group, 
refore,  proposes  the  name  of  Mona  Series  for  the  reception  of  these 
ocksy  which  •  are  well  displayed  in  the  island  of  Anglesea,  in  con- 
with  those  of  the  succeeding  group.* 

le  admirable  and  detailed  examinations  of  the  Geological  Survey  of 
where  the  numerous  intercalated  beds  of  trappean  rocks  and  the 
!ated  series  of  faults  have  rendered  the  task  of  unravelling  the  geo- 
le  of  great  difficulty,  the  surveyors  have  clearly  shown  the  existence 
azoic  series  below  the  lowest  Silurian  strata,  which  is  there  repre- 
by  the  sandstone  of  Barmouth  and  Harlech. 

ande,  also,  in  his  investigations  of  the  Bohemian  basin,  has  recog- 
i  series  of  semi-crystalline  slates  alternating  wuth  compact  argilla- 
»iates,  below  the  lowest  Silurian  strata,  in  which  he  has  failed  to 
any  trace  of  organic  life ;  hence  he  has  applied  the  name  azoic  to 
)cks  without  meaning  to  assert  positively,  that  the  series  is  absolutely 
;e  of  all  traces,  but  simply  as  indicating  the  great  fact  that,  thus  far, 
ive  been  discovered. 


^  G«ulogical  Observer,  pp.  81,  82. . 
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CHAPTER  III. 

GRANITE  ROCKS  OF  THE  AZOIC  PERIOD. 

Granite. —  Its  Composition, —  Mode  of  Formation, —  Character  of  the 
Scenery  where  it  prevails, —  Peculiarities  of  Structure, —  Range  and 
Extent  on  the  Korthern  Shore, —  Its  External  Characters, —  Range  and 
Extent  an  the  Southern  Shore. —  Greenstone  Dykes, —  Section  between 
Lake  Superior  and  the  Mouth  of  the  Escanaba  River, —  Section  from 
Kexoeenaw  Bay  to  the  Mouth  of  the  Menomonee, —  Character  of  the 
Granite  in  the  Western  Portion  of  the  District, —  Jlge  of  the  Granites 
of  this  Region. —  Mineralogical  Composition. —  Economic  Value, — 
Trappean  Rocks, —  Intensity  of  Igneous  Action  during  this  Epoch, 

We  shall  use  the  terra  granite  in  an  extended  sense,  as  comprehending 
not  only  those  compounds  of  feldspar,  quartz,  and  mica,  which  form  gra- 
nite proper ;  but  those  compounds  consisting  of  feldspar  and  quartz,  to 
which  the  specific  name  of  pegmatite  has  been  assigned  by  the  French,  and 
those  of  feldspar,  quartz  and  hornblende,  usually  known  as  syenite. 
-The  gradations  between  the  most  ancient  granites  and  the  products  of 
existing  volcanoes  are  innumerable.  There  appears,  however,  this  differ- 
ence between  them,  that  while  the  latter  have  been  poured  out  in  lava  cur- 
rents, the  former  have  been  elevated  in  a  softened  condition,  forming  vast, 
irregular  masses,  or  bosses,  over  which  the  incumbent  strata  are  oflen 
folded.  They  have  not  been  protruded  from  narrow  apertures,  like  the 
basalts,  but  from  widely-extending  gorges.* 

The  granites  often  occur  in  long,  narrow  lines,  termed  elvans,  which 
appear  to  differ  in  no  respect  from  ^eenstone  dykes,  except  in  composi- 
tion, and  also  in  ramifying  veins,  filling  up  the  preexisting  nssures. 

In  most  regions  where  granite  constitutes  the  prevailing  rock,  the  hills 
assume  a  rounded  outline,  and  afford  few  scenes  of  picturesque  beauty. 
We  meet  with  no  over-hanging  cliffs,  no  needle-shaped  peaks  shooting  up 
into  the  sky,  no  narrow  and  intricate  defiles,  w^here  the  sunlight  rarely 
penetrates.  All  of  the  angular  points  are  smoothed  off,  as  though  the 
plough  and  the  harrow  had  passed  over  the  region. 

The  granite  masses  are  characterized  by  tabular  divisions,  which  often 
commumcate  to  them  a  stratiform  appearance.  Where  it  occurs,  says 
Von  Buch,  in  large  insulated  masses  of  a  faintly  arched  ellipsoid  form,  it  is 
covered  by  a  crust,  or  shell,  cleft  into  blocks — instances  of  which  are  met 
with,  alike  in  the  Harz  district,  the  Mysore,  and  lower  Peru. 

•  Humboldt.  Cosmos,  Vol.  I  p.  268.  To  use  the  language  of  an  eminent  observer,  "  imkgin^ 
a  large  wedge  forced  from  below  through  a  sheet  of  thick  ice  on  a  river,  or  pond.    First,  th^ 
ice  rises  in  an  angle  that  becomes  sharper  and  higher,  as  the  wedge  rises :  then  it  cracks 
opens,  presenting  its  upturned  edges  on  both  sides,  and  through  comes  the  wedge, 
this  is  a  very  difierent  process  IVom  what  takes  place  when  the  ice  merely  cracks  and 
w&ter  issues  through  the  crack.    In  the  one  case  there  is  a  rent,  and  water  difflosed  over 
surface:  id  the  other  theTQ  ia  the  projecting  wedge,  flanked  by  the  upturned  edges  of 


At  the  cataracts  of  the  Orinoco,  Humboldt  saw  granite  in  large  flattened 
pheric^l  masses,  which  could  be  divided,  like  basalt,  into  concentric 
ayers. 

GRANITIC  ROCKS  OF  THE  NORTHERN  SHORK. 

Granite  forms,  for  the  most  part,  the  rim  of  the  Lake  Superior  basin. 
\e  culminating  points  between  the  lake  and  Hudson's  bay,  on  the  north, 
be  branches  of  the  Mississippi  on  the  south-west,  and  Green  Bay  on  the* 
outh,  are  of  this  formation. 

It  appears  in  low,  undulating  bills,  nowhere  attaining  a  greater  elevation 
ban  2500  feet  above  the  ocean.     On  the  northern  shore,  it  is  more  widely    , 
istributed  than  on  the  southern ;   but    its  geographical  boundaries  have 
een  imperfectly  determined.     We  propose  to  give,  in  a  condensed  form, 

brief  description  of  its  distribution  on  both  shores  of  the  lake. 

Beginning  at  Pigeon  river,  in  the  north-western  extremity  of  the  lake, 
ro  find,  according  to  Professor  Mather,  a  mass  of  granite  forming  the  east- 
m  extremity  of  the  peninsula,  where  it  appears  in  high  ridges.  It  is  com- 
osed  of  the  two  minerals,  red  feldspar  and  quartz,  closely  aggregated,  and 
I  traversed  by  heavy  dykes  of  greenstone,  and  veins  of  quartz  and  calc- 
par,  containing  the  bi-sulphuret  of  iron. 

A  range,  according  to  Mr.  Logan,  commences  at  Fort  William,  ani, 
eeping  north  of  the  Kaministiquia  river,  is  prolonged  in  a  north-easterly 
irection,  flanked  on  either  side  by  beds  of  gneiss  and  chlorite  slate.  It 
itersects  the  coast  about  ten  miles  below  the  mouth  of  the  stream,  and  is 
*en  at  intervals  along  the  shore,  for  a  considerable  distance;  it  then 
?cedes  inland,  and,  crossing  the  isthmus  between  Thunder  and  Black  bays, 
^ains  the  water,  about  nine  miles  from  the  bight  of  the  latter,  in  a  spur 
inninating  at  Granite  islet.  The  main  range  is  protracted  in  a  northerly 
irection,  intersecting  the  Neepigon  river  some  distance  above  the  second 
ipid,  and  again  approaches  the  lake  near  the  mouth  of  Jack  river,  which 
Us  into  a  deeply-indented  cove  in  Neepigon  bay.  Farther  on,  it  emerges 
om  the  overlying  sandstone  and  trap,  and  appears  on  the  bay  at  a  point  a 
ttle  west  of  north  from  the  entrance  to  the  Chenal  Ecarte — the  strait 
Jtweeiv  Simpson's  island  and  St.  Ignace.  Cutting  across  a  projecting  point 
'  sand,  it  forms  a  bold,  rocky  coast,  crowned  by  occasional  masses  of 
ap,  along  the  nprth  side  of  Grand  Detroit,  as  far  as  Les  Petits  Ecrits, 
here  it  is  intersected  by  trap  dykes,  running  in  an  easterly  and  westerly 
ireetion. 

In  the  north-eastern  extremity  of  the  lake,  the  coast  from  Pic  river  to 
Iter  Cove  is  formed  by  a  gneissoid  rock,  which  a  few  miles  inland  attains, 
»X)rding  to  Bayfield,  an  elevation  of  eight  hundred  feet  above  the  lake, 
rom  Otter  Cove  to  Michipicoten  river,  the  coast  is  occupied  by  alternate 
caches  of  granite  and  slate. 

With  the  exception  of  a  few  square  miles  of  trap  at  Gargantua,  granite 
ad  gneiss  are  the  only  rocks  exposed  along  the  shore  until  we  arrive  in 
le  vicinity  of  Pointe  aux  Mines,  a  distance  of  about  fifty  miles,  at  the  ex- 
emity  of  which  they  separate  from  the  shore,  maintaining  a  nearly 
raight  south-easterly  line  across  the  eastern  part  of  Batcheewauaung 
ay,  leaving  the  trap  of  Mamainse  between  them  and  the  lake.  TLWxvRft^ 
ley  strike  the  northern  part  of  Gaulais  Bay,  and  iitvaW'j  ^\.\;raL^^  '^x^^'^ 
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montory  of  Gros  Cap,  where  they  form  a  moderatcl}  bold  range  of  hills, 
running  eastwardly  towards  Lake  Huron.*  , 

With  regard  to  the  composition  of  this  rock,  Mr.  I  ogan  remarks,  that 
the  base  is  granite  occasionally  passing  into  syenite  by  the  addition  of 
hornblende;  but  the  latter  does  not  appear  to  be  ofttn  present  wholly 
without  the  mica.  Both  the  mica  and  hornblende  are,  in  general,  black,  the 
quartz,  either  opake  or  translucent-white,  or  colorless,  or  tiansparent.  The 
color  of  the  feldspar  is  usually  some  shade  of  red,  and,  being  the  prevailiog 
mineral,  gives  in  most  cases  a  reddish  tinge  to  the  mass. 


GaANITIC  ROCKS  OF  THE  SOUTHERN  SHORE. 

Crossing  over  to  the  southern  shore,  we  find  the  coast  intersected,  at 
rare  intervals,  by  granite  masses.  Between  Huron  Bay  and  Carp  river,  a 
few  points  composed  of  this  rock  are  observed,  generally  connected  with 
the  main-land  by  a  neck  of  sandstone — as  for  instance,  at  Granite  Point,  and 
Dead  river.  Ihere  are  several  islands  in  this  vicinity  composed  in  the 
main  of  granite;  but,  on  the  lee-side,  patches  of  sandstone  are  seen,  which 
have  escaped  the  general  denudation  iq  which  this  region  has  been  sub- 
jected. The  Huron  islands,  according  to  Mr.  Hill's  observations,  rise  from 
eighty  to  one  hundred  feet  above  the  lake,  and  are  composed  of  granite. 
It  is  not  improbable  that,  at  no  very  remote  epoch,  they  were  connected 
with  the  main  shore  by  a  neck  of  sandstone,  as  is  seen  at  this  time  at 
Granite  Point. 

The  surface  of  these  islands  is  bare  and  polished,  and  traversed  by  numer- 
ous striae,  bearing  N.  20°  E.  and  S.  20°  W.  Nowhere  on  the  southern  coast, 
have  we  seen  these  evidences  of  the  drift  epoch  so  well  defined.  It  is  only 
in  the  fissures  of  the  rock  that  trees  take  root  and  grow  with  a  stinted 
growth,  and  hence  these  islands  present  an  inhospitable  appearance.  This 
granite,  unlike  most  of  that  found  on  the  southern  shore,  contains  conside- 
rable mica,  and  is  intersected  by  several  systems  of  joints  cutting  it  into 
tabular  plates,  which  will  materially  aid  the  quarry-man  in  his  labors.  It 
affords  admirable  materials  for  construction,  and  the  day  may  not  be  far 
distant  when  quarries  will  be  opened  to  supply  the  cities  of  the  lakes.  The 
rock  may  be  quarried  almost  by  the  water's  edge,  and  vessels  can  approach, 
within  a  few  yards  ami  be  protected  from  every  wind. 

Granite  island  is  a  nearly  bare  mass  of  rock — comprising  an  area  oF' 
two  or  three  hundred  square  feet — on  the  top  of  which  a  few  straggling' 
cedars  maintain  a  sickly  growth.     It  is  situated  about  "six  miles  from  the 
main-land,  and  three  or  four  degrees  east  of  north  from  Granite  Point. 

Middle  island  also  belongs  to  this  class  of  formations.     The  granite  con-^ 
sists  of  the  binary  compound  of  feldspar  and  quartz.     Powerml  dykes  or^ 
greenstone  intersect  the  mass,  some  of  which  are  ninety  feet  in  width,  and — 
we  counted  no  less  than  six  within  the  distance  of  forty  rods. 

They  cut  the  granite  in  remarkably  straight  lines,  (see  Fig.  4,)  leaving- 
clean,  smooth  edges,  as  though  the  shock  by  which  the  original  fissures^^ 
were  formed,  had  been  suddenly  applied.     In  the  smaller  dykes,  the  green— ^ — 
stone  is  very  compact  and  fine-grained ;  but  in  the  larger,  while  it  exhibits^^ 
this  texture  near  the  edges,  towards  tl^e  centre  it  becomes  highly  crystal — 

, .f        _ . — r--:^ 
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li(l^™-^iff«nai»»  which  may  have  resulted  from  the  relative  slowness,  or' 
'apidity,  with  which  portions  of  the  maiis  parted  with  their  heat,  in  the 
)rocess  or  consolidation.  There  are  two  systems  of  dykes;  one  set  bears 
learly  east  and  west,  while  the  other  bears  north-east  and  south-west ; 
hese,  in  their  turn,  are  intersected  by  veins  of  quartz,  as  seen  on  the 
lorthern  side  of  the  island.     The  contour  of  the  mass  is  roimded,  and  nu 

Fig.  4. 


GieeoBtoDe  Dyke  at  Uiddlo  Island. 

lerous  deep  strix,  some  of  which  are  two  feet  in  depth  and  four  feet  in 
ridth,  were  obs€r\ed,  bearing  N.  20°  W.,  S.  20°  E. 

Several  granite  islets  appear  off  Presqu'isle,  but  as  they  differ  in  no  rc- 
pect  in  structure  from  Middle  island,  a  farther  description  Is  deemed  un- 
lecessary. 

These  islands  are  but  the  outliers  of  a  mass  which,  in  our  district,  is  spread 
>Ter  an  area  of  more  than  3000  square  mites.  It  has  an  extremely 
rregular  outline,  which  cannot  well  be  defined  by  a  verbal  description, 
rhe  reader,  therefore,  is  referred  to  the  general  Map  of  the  region  for  a 
epresentation  of  its  boundaries. 

Granite  forms  the  coast  between  Presqu'isle  and  Granite  Point.  Proceed- 
ae  westwardly,  it  expands  rapidly  until  it  attains  a  width  of  twenty-five 
iiles — a  spur  shooting  off  to  tbe  north-west,  known  as  the  Huron  moun- 
ains — and,  after  having  passed  the  Mnchi-gummi,  contracts  equally  rapidly, 
iid  terminates  on  the  sources  of  the  .Sturgeon  river.  The  extreme  leiigth 
f  this  granite  axis  is  about  sixty  miles,  and  its  culminating  points  rise  1300 
eet  above  the  lake. 

Another  granite  boss  rises  to  the  south  of  that  above  described,  and 
inges  in  a  neftrly  parallel  direction  for  about  thirty-six  miles.  The 
nterval  between  them  is  from  twelve  to  fifteen  miles  in  width,  occupied  by 
:ryB^1line  schists,  marbles,  beds  of  quartz,  and  .specular  iron. 

Farther  west,  another  granite  belt  starts  from  the  head  waters  of  the 
Ontonagon  river,  and  thence  extends  to  the  western  limits  of  the  district, 
intersecting  the  head  of  Agogebic  lake,  and  crossing  the  Montreal  river 
ibout  fifteen  miles  from  its  mouth.  Southward,  it  forms  the  water-sbed 
Jetween  the  rivers  of  Lake  Superior  and  the  Mississippi,  and  passes  beyond 
ihe  limits  of  this  district  into  Wisconsin.  It  is  probable  that  this  belt  is  a 
^mtinuation  of  that  first  described,  but  we  have  not  been  able  to  trace  the 
Mntimiity.  There  is  an  interval  of  twenty  miles,  where  the  surface  of  the 
Kuntry  becomes  nearly  horizontal,  and  is  strowa  w'Uh  v:.cumM^\]un&  ^ 
clay  and  gravely  biasing  up  the  subjaceiit  rocks. 
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There  are,  also,  numerous,  insulated  patches  of  granite  scattered  through 
the  crystalline  schists,  the  positions  of  which  are  indicated  on  the  accom- 
panying map. 

The  granite,  for  the  most  part,  forms  numerous  parallel  ridges,  bearing 
east  and  west,  which  are  rounded  and  featureless.  The  rocks  rarely 
emerge  to  the  surface  in  mural  escarpments,  but  are  concealed  by  the  debris 
of  ages.  Dense  forests  of  maple  and  yellow  birch,  interspersed  with  pine 
and  hemlock,  clothe  the  ridges,  while  the  intervals  are  occupied  by  almost 
impassable  marshes,  filled  with  tamarack,  cedar,  and  alder,  or  by  natural 
meadows,  in  which  the  blue-joint  {Calamagrostis  canadensis)  flourishes 
with  rank  luxuriance.  A  chain  of  small  lakes  is  often  observed,  hemmed 
in  by  the  parallel  ridges,  whose  outlet  is  through  some  tranverse  gorge, 
formed,  not  by  the  erosive  action  of  water,  but  by  a  fissure  in  the  rocky 
barrier. 

The  greater  portion  of  the  surface  occupied  by  this  class  of  rocks  has  not 
yet  been  sub-divided,  and  hence  it  is,  that  the  maps  representing  its  area  are 
so  deficient  in  topographical  information.  Of  the  whole  district,  the  grani- 
tic region  possesses  the  least  economical  value.  There  appear  to  be  no 
metallic  vems  worthy  of  exploration,  and  from  the  broken  and  rugged  char- 
acter of  the  surface,  it  is  ill  adapted  to  agricultural  purposes.  ^Besides,  its 
remoteness  from  navigable  water  will  retard  its  immediate  settlement. 

Local  Details. — ^We  do  not  propose  to  make  a  transcript  of  our  note- 
books. Such  a  transcript  would  encumber  the  report  with  unnecessary 
details,  and  serve  no  useful  purpose.  We  shall  extract  such  portions  only 
as  illustrate  some  interesting  problem  in  geology,  or  furnish  facts  of  econo- 
mical value.  Sections  extending  through  the  different  systems  of  rocks  of 
this  region,  possess  ereat  uniformity,  wherever  taken,  and  their  multiplica- 
tion would  throw  little  additional  light  upon  its  geological  structure. 
We  shall,  therefore,  content  ourselves  with  a  few  illustrations  of  this 
nature. 

Besides,  in  a  region  so  vast  as  this,  where  the  physical  obstructions  to 
its  successful  exploration  are  so  formidable,  it  has  been  found  impossible, 
with  the  means  placed  at  our  disposal,  to  make  but  little  more  than  a. 
general  reconnoissance.  We  have  only  attempted  to  delineate  its  more  pro- 
minent features,  while  to  those  who  succeed  us,  we  leave  the  more  difficult 
task  of  sketching  in  the  individual  lineaments.  That  task  cannot  be  suc- 
cessfully executed,  until  the  country  shall  become  intersected  by  roads  and 
dotted  with  human  habitations ;  until  portions  of  the  forests,  which  now 
cover  the  whole  surface,  become  levelled  by  the  axe,  and  the  underlying 
rocks  exposed  in  pits  and  quarries.  Practical  geologists  alone  can  appre- 
ciate the  aid  afforded  by  these  artificial  excavations.  It  is  not  from 
wandering  over  the  hills,  or  drift-covered  plains,  that  he  arrives  at  the 
structural  relations  of  a  country ;  but,  by  following  up  the  beds  of  small 
streams,  where  the  superficial  covering  has  been  removed,  by  examining 
quarries,  where  the  fresh  surfaces  of  the  rocks  are  exposed  to  the  day,  anc[ 
by  scrutinizing  the  materials  thrown  out  from  wells  and  pits. 

The  subjoined  section  will  serve  to  illustrate  the  order  of  position  in  the 
different  groups  of  rocks,  between  Lake  Superior  and  Lake  Michiganr 
It  commences  on  the  township  line  between  ranges  36  and  38,  and  eXr 
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tends  thence^  in  a  southerly  direction  to  the  mouth  of  the  Escan&ba  river, 
a  distance  of  about  seventy  miles. 

Proceeding  inland  from  the  shore  of  Lake  Su- 
perior, our  route  for  the  first  six  miles  is  over  low, 
marshy  ground,  supposed  to  be  underlaid  by  the 
Potsdam  -^^andstone,  in  a  nearly  horizontal  posi- 
tion. Occasionally  vestiges  of  ancient  terraces 
are  observed,  indicating  the  former  boundaries  of 
the  lake.  Where  the  sandstone  is  exposed  by 
the  lake  shore,  it  is  of  a  dark-red  color,  and  con- 
tains numerous  white  blotches,  like  those  at  To- 
bacco river  and  Granite  Point.  A  low  granite 
ridge  is  first  observed,  according  to  Mr.  Hill,  a 
mile  west  of  the  corner  of  sections  34  and  33, 
along  the  south  boundary  of  township  50,  range 
26.  Fragments  of  slate  are  seen  at  its  base, 
so  that  it  is  not  improbable  that  a  portion  of 
the  azoic  system  is  interposed,  at  this  point, 
as  at  many  others,  between  the  granite  and 
the  Potsdam  sandstone.  In  section  1,  along 
the  east  boimdary  of  township  49,  range  27,  a 
ridge  of  granite  four  hundred  and  seventy-two 
feet  in  height  is  observed,  bearing  N.  20°  E.  It 
consists  for  the  most  part  of  the  ternary  com- 
pound of  feldspar,  quartz  and  mica,  differing  in 
this  respect  from  that  seen  by  the  lake  shore. 
Hornblende  occasionally  replaces  the  mica,  form- 
ing syenite,  the  prevailing  color  being  light-grey. 
Powerful  dykes  of  greenstone  traverse  the  mass 
in  a  direction  parallel  to  its  prolongation.  There 
are  also  seen  numerous  granite  veins,  seldom  ex- 
ceeding eight  inches  in  width,  ramifying  through 
the  granite,  and  occasionally  through  the  green- 
stone. Mica  is  more  abundantly  disseminated 
through  these  veins  than  in  the  adjoining  walls, 
—  an  interesting  fact,  since  it  tends  to  confirm 
its  volcanic  origin ;  for  this  substance  has  been 
detected  not  only  in  the  ancient  basalts  but  in  the 
products  of  existing  volcanoes.  Gneiss  is  ob- 
served to  flank  the  granite  both  on  the  north 
and  on  the  south,  with  intercalated  beds  of 
quartz  and  ftldspar,  and  imperfectly  laminated 
hornblende, — the  whole  dipping  uniformly  from 
the  axis  of  elevation.  These  might  with  pro- 
priety be  regarded  as  the  more  highly  metamor- 
phosed portions  of  the  azoic  system. 

On  section  7,   another  range  of   sranite  is 
passed,  four  hundred  and  ninety  feet  m  height, 
bearing  nearly  east   and   west,  which  rises  ra- 
pidly to  the  westward  of  the  line  of  section;  but  to  the  east^aid  n^^^^^ 
to  a  level.    Gneiss  is  seen  along  its  flanks  to  near  l\i^  s\\mm\.>  ^\^0c^ 
insists  of  a  dark^colored,  crystalline  mass. 
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In  section  IS,  numerous  low  ridges  of  granite  occur,  flanked  by  gneiss 
and  hornblende. 

Near  the  north  line  of  section  19,  a  ridge  of  granite  is  seen  which  attains 
an  altitude  of  seven  hundred  and  seventy  feet,  and  bears  nearly  east  and 
west,  with  gneiss  and  slaty  hornblende  along  its  slopes.  The  greater  por- 
tion of  the  line  through  this  section  passes  over  hornblende  slate  ;  but,  near 
the  southern  boundary,  the  granite  breaks  through  the  incumbent  rocks 
^d  rises  to  the  height  of  eignt  himdred  and  sixty-seven  feet  above  the 
lake.  The  mass  consists  of  feldspar,  quartz  and  black  mica,  the  latter  so 
far  predominating  as  to  communicate  to  it  a  dark  color. 

We  here  reach  tho  boundary  between  the  igneous  and  the  metamorphic 
rocks,  and  it  will  be  seen  that  as  we  recede  from  that  line,  the  rocks  be- 
come less  crystalline  in  their  texture  and  exhibit  more  distinct  traces 
of  bedding.  The  gneiss,  the  compact  hornblende,  and  the  quartz  and 
feldspar  rocks,  exhibiting  a  massive  structure,  will  be  found  passing 
into,  or  succeeded  by,  beds  of  argillaceous,  talcose  and  chlorite  slate,  and 
Guartzpse  rocks,  enveloping  pebbles  and  displaying  obscure  lines  of  strati- 
fication. 

To  the  south  of  the  last  described  ridge,  along  the  western  boundary  of 
section  30,  the  line  passes  over  hornblende  rocks  somewhat  fissile,  contain- 
ing seams  of  quartz  conformable  iu  dip  and  bearing  to  the  enclosing  mass. 
About  one-fourth  of  a  mile  south  of  the  northern  boundary  of  township 
48,  the  talcose  slates,  with  planes  of  bedding,  are  seen  for  the  first  time. 
The  surface  here  attains  an  altitude  of  1004  feet,  which  is  higher  than  any 
of  the  granite  ridges  along  the  line  of  the  section.  The  valley  of  Dead 
river  sinks  down  nearly  seven  hundred  feet,  and  the  underlying  rock  con- 
sists apparently  of  talcose  and  argillaceous  slates.  To  the  south,  in  sec- 
tions 13  and  24,  hornblende  slates  reappear  and  occupy  a  width  of  about  a 
mile  and  a  half.  In  section  24,  they  are  succeeded  by  talcose  slates ;  but, 
in  section  25,  the  hornblende  slates  are  again  observed,  and  there  is  no 
marked  change  in  the  rocks  until  we  arrive  in  section  36,  when  the  talcose 
schists  reappear,  dipping  to  the  south  at  an  angle  of  68®. 

About  a  fourth  of  a  mile  north  of  Teal  lake,  a  quartz  range  is  intersected, 
bearing  nearly  east  and  west,  which  forms  one  of  the  most  striking  topo- 
graphical features  of  the  country.  Its  altitude  is  nine  hundred  and  forty- 
lour  feet  above  the  level  of  Lake  Superior,  and  throughout  its  entire  range, 
it  rises  sharp  and  well-defined.  The  quartz  exhibits  imperfect  lines  of 
bedding,  and  displays  a  slightly  granular  texture.  Beneath  this  is  a  bed 
of  novaculite  ten  feet  in  thickness,  which  possesses  a  fine  erit  and  affords 
an  admirable  material  for  hones.  To  this  succeed  talcose  slates,  the  whole 
dipping  66°  to  the  south. 

In  section  32,  township  48,  range  26,  a  quartzose  conglomerate  is  ob- 
served ten  feet  in  thickness,  the  included  pebbles  consisting  of  quartz  from, 
the  size  of  a  buck-shot  to  that  of  a  hen's  egg. 

A  few  yards  to  the  south-west  of  the  Jackson  Company's  Forge,  this 
same  quartzose  conglomerate  is  seen;  but  the  pebbles  do  not  attain  so  largc:^ 
a  size. 

These  beds,  although  greatly  transformed  by  reason  of  their  proximity  to 
igneous  rocks,  still  retain  traces  of  their  xpechanical  origin. 

Not  far  from  the  southern  margin  of  Teal  lake,  there  rises  a  range  o; 
hills  composed  of  dark-colored  ana  compact  hornblende  rocks,  which  here 
forms  the  ^^dltortia  aquaf  um"  between  tne  river  system?  of  the  two  greats 
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lalres.    The  sourees  of  the  Escanftba  approach  within  a  quarter  of  a  mile 
of  Teal  lake,  which  is  drained  by  the  Carp  river  of  Lake  Superior. 

In  following  the  line  of  our  section  to  the  southward,  still  continuing 
between  ranges  26  and  27,  we  find  a  belt  of  about  five  miles  in  width, 
extending  to  near  the  north-east  corner  of  section  36,  township  47,  range 
27,  occupied  by  the  slates  of  the  azoic  series,  and  the  intercalated  beds  of 
trappean  rock.  The  latter,  however,  largely  predominate  in  apparent 
thickness,  the  ridges  being  numerous,  and  mostly  of  a  dark-green  hom- 
blendic  trap.  Near  the  line  between  sections  1  and  12,  a  ridge  of  green 
crystalline  trap  occurs,  flanked  on  the  south  by  hornblende  slates,  some- 
what talcose  in  their  composition,  and  dipping  to  the  south  at  an  angle  of 
65°.  A  mile  farther  south,  the  countrj  gradually  rises,  with  alternate 
ridges  of  trappean  rock,  and  bands  of  hornblende  slates,  which  have  a 
finely  schistose  structure. 

On  the  north  side  of  section  13,  the  slates  become  more  silicious,  and 
stand  nearly  vertically ;  and,  then  again,  are  suceeeded  by  low  ridges  and 
rounded  crests  of  a  hard,  compact,  greenish,  trappean  rock.  At  the 
corner  between  sections  13  and  24,  the  hornblende  slates  are  highly 
impregnated  with  oxide  of  iron,  which  occasionally  forms  quite  pure  bands 
in  the  slaty  rock.  The  ground  continues  elevated  along  the  eastern  line 
of  section  13,  being  about  1000  feet  above  Lake  Superior,  and  is  partially 
covered  by  drift ;  two  miles  farther  west,  however,  the  rock  is  exposed 
along  the  whole  length  of  the  line  between  sections  14  and  15,  and  pre- 
sents a  constant  succession  of  steep  ridges  of  a  dark  and  crystalline  green- 
stone, no  slate3  being  visible  in  the  depression  between  the  ridges.  Near 
the  corner  of  sections  24  and  25,  we  find  an  abundance  of  angular  frag- 
ments of  slaty  hornblende-rock,  containing  iron,  and  masses  of  quartz, 
with  specular  iron.  These  rocks  rise  into  a  dome-shaped  protuberance  a 
little  to  the  east  of  the  line  of  section  25,  and  have,  here,  an  elevation  of 
about  1200  feet  above  Lake  Superior.  The  slaty  rocks  are  so  impregnated 
with  iron,  at  this  point,  as  to  become  very  good  ores. 

On  the  line  between  sections  29  and  32,  is  a  remarkable  knob  of  con- 
glomerate, alike  interesting  from  the  fact  that  such  a  form  of  rock  is  of 
rare  occurrence  among  the  azoic  series  of  this  district,  and  from  its  intimate 
connection  with  the  origin  of  the  masses  of  iron  in  its  vicinity.     The  con- 
glomerate forms  here  an  isolated,  rounded  elevation  rising  at  least  a  hundred 
feet  above  the  general  level.     It  is  made  up  of  coarse  blocks  of  various 
sorts  which  belong  to  the  neighboring  trappean  and  slaty  beds,  and  are.o 
very  considerable  dimensions.     Among  them  we  recognized,  not  only  fra^ 
meots  of  the  rock  associated  with  the  iron;  but  masses  of  the  iron  itself, 
and  of  the  banded  and  jaspery   varieties.     Most  of  the  fragments  of  this 
remarkable  breccia  are  but  slightly  rounded  and  worn  on  their  edges, 
having  in  this  respect  much  more  the  appearance  of  a  friction-conglomerate 
than  of  one  in  which  the  long-continued  action  of  water  had  played  a  part 
The  blocks  are  cemented  together  by  a  very  hard,  ferruginous  paste.     The 
nature  of  the  surrounding  country,  covered  with  soil  and  forest-trees,  pre- 
vented us  from  satisfactorily  tracing  its  connection  with  the  adjoining 
rocks.     We  are  inclined,  however,  to  regard   it  as  connected  with  the 
eruption  of  the  adjacent  granite,  and  rather  as  the  effect  of  the  crushing 
and  elevating  forces  which  such  an  elevation  must  have  called  into  play. 
If  this  is  the  case,  it  may  be  considered  as  analogous  m  \ls  mo^^  c>l  Wxcv- 
atioa  to  tie  conglomerates  of  Xeweenaw  Point.     A  iacl  ^oi\\i^'  ol  xl^>cw^;i(^ 
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in  this  connection  is,  that,  in  spite  of  the  heterogenous  structure  of  the 
mass,  it  exhibits  a  distinct  tendency  to  separate,  or  fiake  off,  in  thick  con- 
centric layers,  like  some  eruptive  granites. 

The  nature  of  the  fragments  composing  this  breccia,  and  of  the  cement 
by  which  they  are  united,  proves  conclusively  that  the  process  of  foi-^ 
mation  of  the  ores  of  iron,  and  the  impregnation  of  the  slaty  rocks  with 
metallic  matter,  must  have  been  one  of  lohg  continuance,  and  not  a  merely 
momentary  operation.  The  various  kinds  of  ore  must  have  been  in  exist- 
ence before  the  formation  of  this  mass,  but  they  were  subsequently  broken 
off  and  mingled  together  in  confusion.  Emanations  of  metallic  matter 
must  still  have  been  issuing  from  beneath,  since  we  find  the  whole  deposit 
thoroughly  impregnated  with  it,  and  converted  into  one  firmly  coherent 
mass. 

Near  the  south-eastern  corner  of  section  25,  (township  47,  range  27,) 
we  reach  the  southern  boundary  of  the  slaty  and  trappean  rocks,  and 
strike  the  belt  of  granite  which  intervenes  between  them  and  the  Potsdam 
sandstone,  on  the  south  side  of  the  axis.  The  width  of  the  granitic  belt 
along  this  line  of  section  is  about  ten  miles,  since  it  extends  south  as 
far  a^  the  centre  of  township  45,  where  it  was  first  seen  in  place  by  Mr. 
Hall,  in  ascending  the  Escanaba.  The  height  of  the  land  at  the  point  of 
junction  of  the  granite  and  slates,  is  about  six  hundred  and  fifty  feet  above 
Lake  Superior. 

The  whole  surface  covered  by  this  belt  of  granite  is  low  and  swampy, 
the  rock  rising  out  of  the  ground  in  narrow  and  precipitous  ridges,  a 
number  of  which  are  crossecl  by  this  line  of  section.  They  vary  from 
twenty  to  fifty  feet  in  height  above  the  adjacent  surface,  and  have  an  eleva- 
tion of  from  six  to  seven  hundred  feci  above  Lake  Superior.  These  ridges 
frequently  present  almost  vertical  and  bare  walls  on  both  sides ;  and  the 
desolate  and  forbidding  character  of  the  region,  consisting  mainly  of  low 
and  tangled  swamps,  and  barren  ridges,  can  hardly  be  exaggerated. 

The  mineralogical  constituents  of  the  granite,  on  this  ;side  of  the  axis, 
are  mainly  reddish  feldspar  and  quartz,  with  but  little  mica. 

At  the  junction  of  the  granite  with  the  azoic  slates  on  the  southern  side, 
the  relation  of  the  former  to  the  latter  is  clearly  seen.  The  slaty  rocks 
are  traversed  by  injected  veins  of  granite,  which  gradually  increase  in 
number  and  dimensions  as  we  approach  the  granitic  nucleus.  On  an 
almost  vertical  wall  of  rock,  about  forty  feet  in  height,  near  the  south-east 


a.    Granite.  b.    Hornblende-slate.  <•.    Vein  of  granite. 

corner  of  section  25,  (township  47,  range  27,)  the  granite  is  seen  pene- 
trating the  hornblende-slate  like  ah  immense  wedge,  and  shooting  out  in 
ramifying  branches.     The  preceding  figure  (Fij^.  6.)  shows  the  jippear- 
mace  of  the  two  rocka  at  this  place. 
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Around  the  portion  of  the  granitic  mass  indicated  by  the  letter  c,  the 
ila^  rock  has  all  the  appearance  of  ha\m^  been  ben!  nnd  twisted  by  the 
injection  of  the  granite  *em  The  following  figure  (I  i^j.  <.)  irrresenLs  this 
portion  of  the  rock  on  a  larger  scate  than  the  priLcding: 


This  contorted  structure  seems  to  be  due,  not  to  un  actual  crowding 
back  of  the  schistose  rock,  but  rather  to  a  rt'nirangenient  6t  its  particles, 
occasioned  by  the  presence  of  the  granitic  niaw. 

Section  from  Keweejiuw  Bay  to  the  mouth  of  the  .Menomonee.  {See 
Gemral  Section.)  —  In  ascending  the  first  granite  axis  back  of  Keweenaw 
bay,  its  northern  limits  are  observed  to  extend  to  within  two  miles  of  the 
boundary  between  townships  4S  and  49,  range  3^,  approaching  within  six 
miles  of  the  Jake  shore.  It  is  exposed  in  a  mural  clUr  facing  the  south, 
about  thirty  feet  high ;  it  is  of  a  l^ht-grey  color,  and  composed  of  an  in- 
finite number  of  crystalline  plates,  confusedly  aggregated,  in  which  the 
three  constituents  feldspar,  quartz  and  mica,  may  be  recognized.  The 
altitude  of  this  ridge  is  1064  feet  above  Lake  Superior,  Descending  into  a 
longitudmal  valley,  the  granite  is  occasionally  exposed  in  low  ledges, 
having  a  rounded  form.  Crossing  the  range  line,  it  reappears  in  a  cliff 
fifteen  or  twenty  feet  in  height,  traversed  by  numerous  and  remarkably 
regular  divisional  tines.  At  the  outlet  of  a  small  lake  which  is  one  of  the 
resen'oirs  of  Sturgeon  river — near  the  east  part  of  township  49,  range  33 — 
it  is  again  seen,  under  the  form  of  well-characterized  syenite,  hear  the 
centre  of  township  49,  range  33,  we  ascended  an  abrupt  ridgf,  Ihree  hun- 
dred feet  above  the  surrounding  level,  composed  of  rose-colored  feldspar 
and  quartz,  and  traversed  by  numerous  veins  of  quartz  and  chlorite.  Sy- 
enite reappears  along  the  north  line  of  towziship  48,  range  32,  A  mile 
farther  south  the  granite  rises  to  the  height  ol'  1198  fectitbove  Lake  Supe- 
rior, forming  the  culminating  point  of  this  region.  The  southern  boundary 
of  this  belt,  which  is  here  about  ten  miles  in  width,  occurs  north  of 
Sagiag&ns. 

One  of  the  sources  of  the  Sturgeon  river  crosses  this  belt  twice  In  this 
Ticinity.  It  rises  near  the  northern  group  of  azoic  slates  and,  flowing  south, 
cots  through  the  main  axis  and  sweeps  around  its  base;  then  recrosses  it, 
traversing  the  whole  belt  in  a  northwesterly  direction.  The  course  of  this 
stream  has  probably  been  determined  by  transverse  fissures  extending 
across  the  entire  axis-  i 

The  granite,  it  will  be  seen,  forms  a  series  of  parallel  ridges,  bearing 
nesrly  east  and  west.  The  gentler  slopes  ve^e  towards  the  north,  vhilA 
the  precipitous  escarpments  uont  the  «outh.    TiieloQ^W^id'^a!k\iej%CKiip', 
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tain  numerous  natural  meadows,  or  small  wet  prairies,  destitute  of  trees 
and  clothed  With  a  rank  growth  of  blue-joint  grass.  They  appear  to  have 
been  the  beds  of  ancient  lakes  which  have  been  filled  by  the  debris  of  the 
surrounding  hills,  or  drained  by  the  abrasion  of  their  former  barriers.  The 
prevailing  growth  on  the  ridges  is  maple,  yellow  birch  and  ash,  interspersed 
with  colossal  pines,  sometimes  one  hundred  and  fifty  feet  in  height  and  six 
feet  in  diameter.  The  low  grounds  are  occupied  by  dense  thickets  of  alder, 
cedar  and  spruce,  which  are  hung  with  long  festoons  of  moss. 

The  second  granite  axis,  where  it  crosses  the  Machi-gamig  (township  45, 
range  29,)  is  much  contracted  in  dimensions,  being  only  about  five  miles  in 
width,  and  attaining  but  a  slight  elevation  above  the  surrounding  country. 
It  consists  of  quartz  and  feldspar  in  large  crystals,  presenting,  in  many 
places,  the  aspect  of  graphic  granite.  In  crossing  portage  No.  5,  it  is  seen 
in  low  ridges  running  east  and  west,  having  a  rounded  contour.  Mr.  Hill 
explored  tnis  zone  further  east,  and  from  his  notes  we  gather  the  following 
information. 

Starting  on  the  line  between  ranges  28  and  29,  in  township  43,  and  pro- 
ceeding north,  he  describes  the  country  as  low  and  marshy,  and  so  thorough- 
ly covered  with  transported  materials  that  the  underlying  rocks  are  almost 
entirely  concealed.  The  line  of  junction  between  the  granite  and  sand- 
stone was  not  observed ;  but  is  supposed  to  occur  near  the  northern  part  of 
the  township,  since  here,  for  the  first  time,  loose  blocks  of  sandstone  were 
noticed,  which  were  supposed  to  have  been  derived  from  the  immediate 
vicinity.  The  granite  is  first  observed  on  the  line  between  sections  13  and 
12,  in  a  low  exposure.  Near  the  south-east  comer  of  section  36,  town- 
ship 44,  a  low,  rounded  ledge  is  seen,  rising  up  through  the  surrounding 
swamp.  Along  this  line,  through  the  whole  township,  frequent  exposures 
of  this  » haracter  are  observed. 

The  southern  portion  of  township  45,  range  29,  is  low  and  marshy ;  but 
the  northern  portion  is  broken,  and  the  granite  appears  in  numerous  knobs 
and  ridges.  In  sections  1,  11  and  12,  dykes  of  greenstone  are  seen  to  cut 
the  granite  in  numerous  places.  In  section  13,  a  large  dyke  occurs,  bear- 
ing east  and  west,  and  varying  but  little  from  a  perpendicular  in  its  down- 
ward course.  Its  mineral  components  are  hornblende  and  feldspar  intimately 
mixed,  with  crystals  of  c/  *->sy  feldspar  disseminated. 

There  seem  to  be,  according  to  the  observations  of  Mr.  Hill,  two  gene- 
ral systems  of  dykes  in  this  region,  though  subject  to  minor  deviations ;  one 
bears  N.  from  70°  to  80°  W.,  the  other  N.  10°  E.  The  east  and  west 
dykes  are  the  main  ones,  being  the  widest,  longest  and  best  defined.  Lines 
of  division  were  everywhere  noticed,  one  set  bearing  N.  '^S^  or  80°  W- 
and  another  from  S.  10°  E.  to  S.  10^  W. 

Near  the  north  boundary  of  township  46,  range  28,  gneiss  is  seen  sup- 
ported by  granite  on  the  south :  on  sections  3  and  4,  heavy  dykes  of  green^ 
stone,  ranging  east  and  west,  traverse  the  mass.     Some  chlorite  slate  i^ 
seen  between  sections  46  and  47,  where  the  Escanaba  river  crosses  the  line, 
flanking  the  hornblende  ridges  to  the  east  and  north. 

Along  the  line  between  sections  27  and  23,  township  47,  and  in  section! 
30  and  31,  the  granite  is  traversed  by  two  greenstone  dykes,  bearing  eas 
and  west,  each  of  which  is  nearly  eight  hundred  feet  in  width,  composed  o 
a  base  of  compact  hornblende  and  feldspar,  with  glassy  crystals  of  the  lattej 
^issemmated.     The  granite  in  this  vicinity  consists  of  a  highly  crystallin 
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sompound  of  feldspar  and  quartz,  with  an  occasional  admixture  of  horn- 
blende. 

On  following  the  granite  region  westwardly  from  the  EscanUba  river, 
Inhere  it  crosses  townsnip  46,  range  27  and  28,  we  find  it  possessing  nearly 
iie  same  mineralogical  character,  and  similai^  in  its  mode  of  occurrence  to 
;hat  already  described.  This  belt  of  igneous  rock  crosses  the  Machi-gamig 
iver  in  township  46,  range  29,  and  pursues  a  westerly  course,  benduig  to 
he  southward,  for  about  twelve  miles  to  the  west  of  that  stream.  Beyond 
his  point,  it  can  no  longer  be  traced,  except  in  occasional  knobs  and  ridges 
vhich  rise  out  of  the  predominating  slaty  rocks. 

There  are  numerous  intrusive  masses  of  granite  scattered  through  the 
Lzoic  series  of  the  southern  portion  of  the  district ;  indeed,  so  numerous  are 
he  successions,  and  so  complicated  the  relations  of  the  two  rocks  with  the 
tccompanyin^  trappean  belts,  and  so  great  the  diversity  of  character,  that 
t  would  require  much  more  time  than  we  were  able  to  devote  to  this  part 
if  the  region,  even  under  the  most  favourable  circumstances  of  exposure  of 
he  rocks,  to  make  out  its  detailed  structure.  We  must  content  ourselves, 
herefore,  with  a  general  outline  of  the  most  conspicuous  points. 

The  granite  rises  in  low  ridges  from  amidst  the  talcose,  hornblende,  and 
hlorite  slates,  in  townships  41,  42,  43  and  44,  through  the  whole  district 
(restward  to  45.  It  is  more  quartzes^  than  in  the  northern  townships ; 
ttica  is  generally  present  in  small  quantity,  and  often  arranged  in  parallel 
ayers,  so  that  the  mass  assumes  a  gneissoid  structure.  This  mineral  is 
;enerally  very  dark-colored,  sometimes  black,  and,  for  the  most  part, 
ccurs  iq  minute  plates. 

In  the  extreme  western  portion  of  the  district,  west  of  range  40,  granite 
3  the  predominating  rock  below  the  southern  boundary  of  township  47, 
nd  is  associated  with  a  hornblende-rock,  which  sometimes  assumes  a  slaty 
tructure.  The  granite  is  mostly  a  binary  compound  of  feldspar  and 
uartz,  the  former  largely  predominating,  and  giving  a  reddish  tinge  to 
he  whole  rock ;  mica  is  present  only  in  very  small  quantity,  while  horn- 
lende  and  chlorite  are  occasionally  scattered  in  minute  particles  through 
t. .  Nearly  the  whole  of  the  granitic  region  in  this  part  of  the  district 
•resents  the  most  forbidding  and  desolate  aspect.  Though  it  forms  the 
lost  elevated  portion  of  the  country,  being  the  water-shed  between  Lake 
Superior  and  the  Mississippi,  it  is  low  and  swampy,  and  filled  with 
umerous  lakes,  of  which  over  fifty  were  crossed  by  Mr.  Burt,  in  survey- 
ag  the  boundary-line  between  Lac  Vicux  Desert  and  the  Montreal  river. 
There  are  occasional  elevations,  which  are  dry,  and  wooded  with  sugar- 
naple,  and  which,  undoubtedly,  are  covered  with  a  good  soil ;  but,  the 
arger  portion  of  the  region  presents  almost  interminable  cedar-swamps,  in 
he  midst  of  which  the  granite  and  hornblende  ridges  rise,  with  precipitous 
walls,  rarely  to  more  than  fifty  feet  in  height  above  the  surrounding  coun- 
:ry.  These  ridges  are  generally  very  narrow,  and  their  sides  are  covered 
writh  a  thick  coating  of  moss  and  lichens.  Nothing  can  exceed  the  deso* 
late  solitude  of  this  region.  Not  even  the  Indian  traverses  it ;  it  is  desti- 
tute of  game,  and  its  stillness  is  never  broken,  except  by  the  crashing  of  the 
tornado  through  the  dense  forest,  tearing  up  the  trees,  and  piling  them 
together,  so  as  to  present  an  almost  impassable  barrier,  as  if  still  farther 
to  repel  the  intrusion  of  man  into  a  region,  so  little  fitted  for  his  recep* 
tloa. 
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The  granite  of  the  whole  of  this  portion  of  the  district  is  very  coarse- 
grained and  crystalline,  and  is  characterized  by  a  predominance  of  feldspar, 
and  an  almost  entire  absence  of  mica. 

Age  pf  the  Granites,  —  The  granites  of  the  Lake  Superior  region  evi- 
dently belong  to  two  different  epochs  of  upheaval.  That  of  the  north- 
western coast  of  the  lake,  in  the  vicinity  of  Pigeon  river,  was  elevated 
before  the  close  of  the  azoic  period,  since  the  upper  portion  of  the  slates 
reposes  horizontally  around  it ;  while  that  of  the  north-eastern  coast,  and 
that  which  forms  the  axis  between  the  river  systems  of  the  two  lakes,  was 
elevated  after  the  termination  of  the  azoic  period,  and  before  the  dawn  of 
the  Silurian,  since  the  granite  has  disturbed  the  upper  beds  of  slates,  while 
the  lower  beds  of  the  Potsdam  sandstone  rest  undisturbed  around  it. 

Mineralogical  Composition  of  the  Granite, —  The  granite,  south  of  the 
belt  of  azoic  rocks  in  township  46,  ranges  25,  26,  27,  and  28,  is  generally 
made  up  of  feldspar  and  quartz,  mica  being  almost  always  wanting,  or 
only  present  in  very  small  quantity.  The  feldspar  is  by  far  the  predomi- 
nating mineral ;  in  fact,  whole  ledges  in  the  granitic  region  are  composed 
almost  wholly  of  it.  It  has  generally  a  pale,  flesh-red  color.  On  the  west 
side  of  section  30,  township  47,  range  27,  occurs  a  beautiful  granite,  made 
up  principally  of  large  tabular  masses  of  red  feldspar,  with  a  little  milky 
quartz,  and  occasionally  a  few  spedcs  of  chlorite. 

Of  the  feldspar  an  analysis  was  made,  to  acquire  a  more  definite  knowledge 
of  the  nature  of  the  alkalies  present  in  this  mineral  associated  w^ith  the 

Sranite.    This  analysis  gave  on  2.0709  grammes  of  the  substance,  carefully 
ried  at  100"  C. 

Oxygen* 

Silica- 66.70-. .*. 34.66 

Alumina  and  a  little  iron 18.68 8.64 

Lime .30) 

Potash-..-. 9.57  J 2.83 

Soda 3.58) 

Water .70 .62 


99.53 


This  185  as  li^iil  be  seeti  from  the  ratio  of  the  oxygen  of  the  silica  of  the 
bases,  the  common  feldspar,  (orthoclase,)  in  which  the  oxygen  ratio  of  the 
protoxide  bases,  the  peroxide  bases,  and  the  silica,  is  1  :  3  :  12. 

The  water  is  undoubtedly  in  chemical  combination  in  the  mineral,  play- 
ing the  part  of  a  base.   All  the  feldspars  which  we  have  examined,  contain 
more  or  less  water,  from  one-half  to  one  per  cent.,  which  water  is  xio^  ^ 
removed  by  drying,  at  a  temperature  of  lOO''  to  120°  C;  but  whic5^ 
requires  a  full  red  heat  for  its  "expulsion. 

Economic  Value  of  the  Granites.  —  Many  of  the  feldspathic  varietie^^ 
which  occur  in  the  mterior  readily  disintegrate  on  exposure,  and  are  il%^ 
adapted  to  building  purposes.  Besides,  their  remoteness  from  water  con^"^ 
munication  would  prevent  their  extensive  use. 

There  are  numerous  ledges  of  almost  pure  feldspar  in  this  region,  whic!^ ' 
might  be  advantageously  employed  in  the  manufacture  of  porcelain 
were  they  nearer  to  a  manufacturing  region. 

Tbe  grmte  of  tbe  Huron  islwis,  as  be£bre  remarked^  is  admirabl; 
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adapted  to  the  purposes  of  construction,  separating  readily  into  large 
tabular  masses,  and  resisting  the  action  of  atmospheric  agents. 

Trappean  Rocks,  —  In  the  preceding  chapter,  we  have  described,  with 
some  minuteness,  the  interlaminated  masses  of  igneous  rocks  which  occur 
in  connection  with  the  slates,  throughout  their  entire  range ;  and,  in  the 
present  chapter,  have  noted  the  occurrence  of  different  systems  of  dykes 
traversing  the  granite.  It  is,  therefore,  deemed  unnecessary  to  enter  into 
farther  details  as  to  their  mode  of  occurrence,  or  their  range  and  extent. 
In  a  subsequent  chapter,  will  be  found  the  results  of  a  chemical  examina- 
tion of  many  of  these  igneous  products. 

From  the  Qommencement  to  the  termination  of  the  azoic  period,  as  indi- 
cated by  the  presence  of  these  igneous  prodi^cts,  the  primeval  criist  was 
subject  to  constantly  recurring  convulsive  movements,  manifested  under 
far  different  conditions,  and  with  far  greater  intensity,  than  what  we  now 
behold,  even  in  those  districts  which  are  the  ioci  of  the  volcano  and  the 
earthquake.  Sometimes  the  molten  materials  rose  through  the  deeply- 
i»€ated  fissures  in  long  lines  of  elevation,  again  they  cut  through  the  incum- 
bent strata  in  the  form  of  dykes,  and  again  flowed  over  the  surface  in 
lava-like  sheets. 

Accustomed  as  we  are  at  this  day  to  witness  the  calm  operations  of 
nature,  —  operations  apparently  controlled  by  fixed  and  uniform  laws,  and 
rarely  invaded  by  catastrophes,  —  we  find  it  difficult  fully  to  appreciate  the 
turbulence  which  characterized  this  period  of  transition,  when  first  the  crust 
emerged  from  the  watery  abyss^  and  assumed  the  distinctive  forms  of  con* 
tinents  and  islands. 
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CHAPTER  IV. 

THE  IRON  ORES  AND  ASSOCIATED  ROCKS. 

Reference  to  the  General  Map  and  Section  as  to  the  Extent  and  Character 
of  the  Iron-bearing  Rocks. —  Map  of  the  Iron  Region. —  General  DiS' 
tribution  of  the  Localities  of  Iron. —  Description  of  particular  Deposits. 

—  The  Iron  Cascade. —  Jackson  Company^ s  Location. —  The  Cleveland 
Location. —  The  Iran  Beds  of  the  Machi-gamig. —  Jfear  the  Menonumee 
River. —  Occurrence  of  the  Ores  of  Iron  in  other  Districts. —  In  Scan- 
dinavia. —  On  the  Island  of  Elba. —  In  the  Ural  Mountains. —  In  Mis- 
souri.—  In  northern  J^ew  York. —  In  Massachusetts  and  Canada  East. 

—  Theoretical  Considerations. —  ResumL 

Having,  in  the  preceding  chapters,  given  a  description  of  the  geological 
relations  of  the  azoic  system,  we  now  proceed  to  consider  the  mode  in  wnich 
the  iron  ores  are  associated  with  that  system ;  and,  in  order  to  illustrate  more 
fully  many  of  the  phenomena  exhibited  in  this  district,  we  shall  refer  to 
some  of  the  principal  deposits  of  a  similar  character,  in  other  portions  of 
the  earth. 

The  extent  and  boundaries  of  the  azoic  system,  of  which  these  deposits 
constitute  a  part,  have  been  fully  set  forth  in  the  preceding  chapters. — 
They  are,  also,  delineated  on  the  general  map  cf  the  district ;  while,  on  the 
general  section,  the  relations  of  the  different  groups,  one  to  another,  are 
portrayed.  On  the  map  of  the  district  between  Keweenaw  Bay  and  Cho- 
colate river,  we  have  indicated  the  most  iiiiportarit  and  valuable  beds  of  ore 
by  an  appropriate  symbol,  thus  (  ^  ). 

From  the  results  of  our  examinations,  it  will  be  seen  that  this  district  is 
unprecedently  rich  in  the  specular  and  magnetic  oxides  cf  iron,  and  that, 
so  far  as  relates  to  the  magnitude  of  the  masses  and  the  purity  of  the  ores, 
it  stands  unrivalled. 

Thus  far,  the  principal  deposits  have  been  found  connected  with  a  belt 
of  cipystalline  schists  and  intercalated  trappean  rocks,  bounded  on  either 
side,  by  a  belt  of  granite.  This  belt  extends  in  an  easterly  and  westerly 
direction  for  more  than  thirty  miles,  and,  in  its  widest  expansion,  exceecfa 
eight  miles. 

Proceeding  south,  for  forty  miles,  along  the  eastern  limits  of  the  azoic 
system,  there  are  numerous  evidences  of  the  existence  oF  these  ores,  but 
nowhere  are  they  observed  to  be  developed  on  a  scale  of  such  magnitude, 
or  in  such  a  state  of  purity,  as  those  of  the  belt  first  alluded  to.  I 

The  physical  obstacles  are  not  of  such  a  character  as  to  interpose  a 
formidaole  barrier  to  the  successful  working  of  these  mines.  Elevatea  from 
eight  hundred  to  twelve  hundred  feet  above  the  lake,  the  ground  affords  a 
gradual  and  easy  descent ;  the  streams  furnish  an  unlimited  amount  of  water 
power  for  the  propulsion  of  machinery,  and  the  magnificent  forests  of  yellow 
oirch  and  maple  will  yield  an  ample  supply  of  charcoal  for  the  reduction  of 
the  ores;  while,  at  the  landing  by  the  lake  shore,  the  ke  of  little  Presqu'ii 
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forms  a  shelter  for  resseli  in  all  but  north-east  storms.  The  cities  along 
the  shores  of  the  lower  lakes  will,  at  all  times,  aflford  a  market  for  these 
products,  whether  wrought  into  the  finer  varieties  oif  bar  iron  and  steel,  or 
in  the  form  of  blooms  and  pigs.  When  we  consider  the  natural  advantag;es 
which  these  localities  present,  it  seems  reasonable  to  suppose,  that  the  day 
is  not  distant,  when  the  fabrication  of  iron  will  be  successfully  and  exten- 
sively prosecuted  in  this  region. 

GENERAL  DISTRIBUTION  OF  THE  ORES  OF  IRON. 

Starting  from  the  shore  of  Lake  Superior,  near  the  mouth  of  Carp  river, 
and  proceeding  westwardly,  near  the  line  between  townships  47  and  48,  we 
strike  the  first  deposit  of  iron  in  the  north-east  corner  of  section  1,  in  town- 
ship 47,  range  27.  This  is  distant  about  twelve  miles  from  the  lake  shore, 
and,  so  far  as  we  know,  is  the  most  accessible  point  to  navigable  water. 
Throughout  the  northern,  and  especially  the  north-eastern,  portion  of  this 
township,  the  iron  ores  exist  in  inexhau3tible  quantity,  and  under  conditions 
favorable  to  their  development. 

The  only  township  which,  in  point  of  accessibility,  and  in  the  abun- 
dance and  purity  of  these  ores,  compares  with  that  just  mentioned,  is  that 
adjoining  on  the  east,  (township  47,  range  26.)  Here,  however,  the  depo- 
sits, thus  far  discovered,  are  situated  near  its  southern  boundary  ;  and, 
although  in  reality  a  litle  nearer  the  lake  than  those  before  alluded  to,  they 
are  inferior  in  the  purity  of  the  ore. 

In  townships  47,  range  23,  but  few  deposits  of  iron  are  known  to  exist, 
the  surface  being  comparatively  low  and  covered  with  drift.  One  or  two 
quarter  sections  on  the  northern  boundary  have  been  marked  with  the  sym- 
bol of  iron  (  ^  ),  in  ac-cordance  with  the  notes  of  the  linear  surveyors, 
though  we  failed  to  find  any  beds  of  value.  On  the  northern  side  of 
section  18,  in  this  township,  we  found  specimens  which  indicated  the  exist- 
ence of  ore  of  a  good  quality  in  the  neighborhood. 

In  towiiship  47,  range  2 ),  several  localities  of  ore  have  been  observed, 
in  a  li?ie  nearly  due  west  from  the  great  deposits  described  as  occurring  m 
range  27. 

Procee Jing  still  further  west,  in  the  next  ran^e  (townships  48,  range  30.) 
there  are  abundant  traces  of  iron  associated  with  hornblende  rocks,  along 
the  northern  shore  of  Machi-gummi,  while  m  the  adjoing  township  sotith^ 
on  section  I,  and  in  the  adjoining  township  east,  on  sections  6,  7  and  12, 
on  the  borders  of  the  Machi-gamig  river,  thes^  deposits  are  largely  devel- 
oped and  possess  a  considerable  degree  of  purity. 

It  is  presumed  thU  these  ores  are  prolonged  in  their  range  beyond  the 
Machi-gamig,  and  in  fact  their  existence,  to  a  limited  extent,  has  been  as- 
certained by  the  linear  surveyors  ;  but  the  general  surface  of  the  region  is 
here  intersected  by  few  ridges,  and  covered  over  with  transported  materials, 
effectually  concealing  the  underlying  rocks. 

Farther  west,  on  the  sources  of  the  B:i  1  river,  Mr.  Whittlesey,  while 
connected  with  the  survey  of  the  Chipnewi  district,  discovered  numerous 
depf>sits  of  iron,  in  the  azoic  series,  and  unJer  conditions  similar  to  those 
which  prevail  here.  • 

Crossing  the  Machi-^lmig,  the  belt  of  azoic  schists  sweeps  to  the  sr)uth 
and  southwest,  intersecting  the  Menomonee  river,  along  the  sowlVi-^^l'ww 
boundary  of  our  district.    Thr'ujhout  this  portiou  o£  iWix  i^xi'g^»>JaR  ^s^ 
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currence  of  these  ores  is  by  no  means  rare,  but  they  are  nowhere  developed 
on  such  a  scale,  or  exhibit  so  great  a  degree  of  purity,  as  those  in  the 
vicinity  of  Teal  lake ;  some  of  the  beds,  however,  are  valuable,  and  may 
ultimately  be  made  available.  The  most  southerly  deposits  are  in  township 
40,  range  30,  a  few  miles  east  of  theTwin  falls  on  the  Menomonee  river, 
and  are  among  the  most  extensive  and  valuable  in  this  portion  of  the  district. 

When  it  is  remembered  that  nearly  the  whole  of  this  region  is  an 
unbroken  wilderness — without  a  human  habitation,  if  we  except  the  set- 
tlements along  the  valley  of  the  Carp,  or  a  trace  of  the  labors  of  man, 
if  we  except  the  surveyor's  lines,  or  the  few  blind  Indian  trails — it  seems 
reasonable  to  suppose  that,  at  this  time,  we  ha\;e  but  an  imperfect  idea  of 
the  extent  of  these  iron-bearing  deposits.  The  more  important  masses 
have  been  discovered  ;  but  there  are,  undoubtedly,  subordinate  beds,  equal 
in  purity,  and  susceptible  of  being  wrought,  which  will  not  be  revealed 
until  the  axe  shall  level  the  forests,  or  the  plough  strip  off  the  superficial 
covering. 

From  the  above  sketch  of  the  geographical  range  of  the  principal 
deposits  of  iron,  it  will  be  noticed  that,  in  the  belt  of  azoic  rocks  as  far 
west  as  the  Machi-gamig  river,  they  predominate  along  the  northern  side 
of  to%\Tiship  47^  so  that,  if  we  take  a  line  running  due  east  and  west 
between  this  township  and  that  of  48,  for  a  distance  of  about  eighteen 
miles  in  length,  we  shall  find  nearly  all  of  the  valuable  deposits  concen- 
trated within  a  short  distance  to  the  north  and  south  of  that  line.  A  ten- 
dency to  the  formation  of  a  similar  belt  may  be  noticed  along  the  southern 
side*^of  township  47,  where  the  azoic  schists  are  in  close  proximity  to  the 
granite. 

PARTICULAR   LOCALITIES   OF   ORE. 

We  now  proceed  to  a  more  detailed  description  of  some  of  the  more 
important  iron-deposits  of  this  region.  The  great  similarity  which  exists 
among  the  different  localities,  renders  it  unnecessary  to  describe  all  which 
have  been  examined  in  detail ;  but,  as  a  guide  to  the  explorer,  we  shall 
insert  in  the  appendix  a  table  of  the  sections  and  quarter-sections  on  which 
iron  ores  are  known  to  occur. 

Township  47,  Range  26.  — The  principal  deposits  of  specular  and  mag- 
netic oxide  of  iron  are  on  and  near  the  line  between  sections  27,  28,  29 
and  30,  and  sections  31,  32,  33  and  34 ;  they  are  arranged  in  a  metal- 
liferous belt,  bearing  nearly  east  and  west.  In  section  31,  the  iron  ore  is 
finely  displayed  in  the  bed,  and  along  the  banks,  of  a  small  stream  which 
is  one  of  the  sources  of  the  Escanaba  river.  Al  one  point,  it  is  precipi- 
tated over  a  ledge  of  this  ore,  from  a  height  of  27  feet,  to  which  fall  we 
have  given  the  name  of  the  "Iron  Cascade."  The  stream  is  of  sufficient 
size  to  furnish  water-power,  in  case  a  forge  should  be  established  here. 

This  ore  is  a  peroxide  of  iron,  mixed  with  considerable  silicious  matter, 
(see  analysis,)  and  seems  to  exhibit  indistinct  lines  of  bedding  which  dip 
at  a  high  angle,  and  are  intersected,  at  nearly  right  angles,  by  joints  which 
cut  the  mass  into  large  tabular  blocks.  The  quantity  of  the  ore  is  evi- 
dently very  great,  even  at  this  one  locality ;  but  its  limits  and  thickness  could 
not  be  ascertained,  owing  to  the  heavy  accumulations  of  drift  which  line 
the  stream  on  either  side  above  the  cascade,  forming  steep  banks  some  fifty 
feetiakoigbt 
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Proceeding  eastward,  we  find,  at  the  north-east  corner  of  the  section,* 
and  along  me  section  line  for  the  distance  of  a  mile  or  two,  at  various 
points,  the  apparent  prolongation  of  the  same  metalliferous  band;  but 
dififering  in  character  from  that  just  described.  The  ore  resembles  the  banded, 
jaspery  deposit,  on  sections  10  and  11  of  the  same  township,  in  the  next 
range  westerly,  known  as  the  Cleveland  location.  In  fact,  throughout  the 
whole  extent  of  the  azoic  series,  up  to  the  granite,  which  makes  its  appear- 
ance a  little  north  of  the  south  line  of  the  township, — the  line  of  demarca- 
tion running  nearly  east  and  west  along  the  whole. of  the  township, — the 
slaty  rocks  are  so  associated  with  the  iron,  that  it  is  evident  some  great, 
general  cause  has  operated  throughout  their  whole  extent  to  impregnate 
tie  entire  mass  with  this  metal.  The  relation  of  the  schistose  rocks  and 
the  associated  ore  may  be  seen  from  the  following  section,  (Fig.  8,)  near 
the  north-east  comer  of  section  31 : 

Fig.  S. 
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a  is  a  compact,  qnartzose  mass,  highly  charged  with  peroxide  of  iron,  so  as  to  be  perftctlj 
black,  although  distinct  grains  of  quartz  can  be  easily  recognized  in  it. 

A  is  a  somewhat  slaty  rock,  resembling  hornblende  slate,  also  impregnated  with  iron, 
Frhkh  occasionally  forms  in  it  bands  of  quite  pure  ore,  and  in  some  places  alternates  with 
.aspery  matter,  as  at  numerous  other  localities. 

The  presence  of  the  peroxide  of  iron,  in  two  adjacent  rocks  of  so  differ- 
ent mineralogical  composition,  proves  that  its  diffusion  through  them 
must  be  ascribed  to  some  general  cause,  quite  independent  of  the  nature  of 
the  rock  itself. 

We  do  not  regard  these  ores  as  equal  in  value  to  the  purely  eruptive 
3nes :  an  abundance,  however,  may  be  obtained,  which  will  probably  yield 
as  high  as  forty,  or  fifty,  per  cent  of  metallic  iron. 

Along  the  line  between  sections  32  and  33,  near  the  junction  pf  the 
azoic  schists  with  the  granite,  the  relations  of  the  iron  and  the  slaty  and 
quartzose  rocks  are  finely  displayed,  in  a  ravine  which  extends  for  a  coi::<id- 
erable  distance  to  the  east  and  west  of  this  line.  The  phenomena,  iiere* 
are  of  the  most  complicated  and  interesting  character.  On  the  north  side 
of  the  ravine,  we  have  the  slaty  and  quartzose  rocks  dipping  at  a  high 
angle  to- the  north,  and  presenting  a  great  variety  of  mineralogical  structure. 
Quartzose  bands,  composed  of  line  grains  of  silicious  matter,  impregnated 
with  peroxide  of  iron,  with  occasional  wide  bands  of  pure  ore,  alternate 
with  a  hornblende  rock,  having  a  schistose  structure,  and  equally  charged 
with  ferruginous  matter.  The  whole  appearance  of  the  mass  is  that  of  a 
series  of  beds  of  quartzose  and  hornblendic  matter,  thoroughly  impregnated 
with  iron  and  greatly  disturbed,  and  changed  firom  their  original  structure 
and  position.  On  the  south  side  of  the  ravine,  at  a  distance  of  a  couple  of 
hundred  feet,  a  complicated  succession  of  trappean  and  granitic  belts, 
crossed  by  numerous*  veins  of  i^eous  rock,  is  presented.  Here,  however 
the  rock  is  no  longer  charged  with  iron. 

Township  47,  Range  27. —  Here,  the  deposits  of  iron,  as  before  stated, 
are  displayed  on  a  grander  scale  than  in  any  other  pottiou  ol  ^iia  ^Niv^^ 
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Md  ment  a  ^jecial  description ;  since  they  are  not  only  preeminent  in  quaa^ 
tity  and  purity,  but  are  situated  so  favorably  with  regard  to  facililv  of 
working  and  proximity  to  the  lake  shore. 

The  location  of  the  Jackson  Company  embraces  section  1,  of  the  above 
township;  but  their  forges  are  situated  in  township  48,  range  26,  near  the 
corner  of  sections  28,  29,  32  and  33  on  Carp  river,  which  afforda  excellent 
water-power. 

The  ferriferous  band  here  forms  a  ridge  about  a  thousand  feet  in  width, 
and  from  a  few  feet  to  fifty  in  height,  above  the  general  level  of  the  su^ 
rounding  country,  and  can  be  traced  almost  continuously  across  the  section 
in  an  easterly  and  westerly  direction.  On  the  northern  side  of  the  belt,  the 
ore  is  compact,  and  of  great  purity ;  near  the  centre  it  exhibits  a  banded 
structure,  while,  to  the  south,  it  passes  again  into  the  compact  variety.  The 
annexed  section  (Fig.  9,)  by  Mr.  Hill,  will  serve  to  illustrate  these  changes, 
and  show  the  connection  of  the  iron  with  the  associated  rocks. 

Fig.  9. 
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Section  of  the  Jackson  Ore  Bed.     Width  1000  feet. 

1.  Chlorite  slate.         2.  Compact  iron  ore.         8.  Iron  andjasper,  in  alternating  banch. 
4.  Uomblende  aD4  feldspar  rock,  higlily  5.  Veins    of    quai-tz,    containing  iron- 

crystalline.  glance,  cutting  the  mass. 

Thus,  it  will  be.  seen  that  this  deposit  is  bounded  on  the  south  by  a  purely 
igneous  rock  (4),  and  on  the  north  by  slaty,  chloritic  beds  (l),  the  dip 
being  about  62®  to  the  north.  Towards  the  centre  of  the  mass,  the  ore  is 
less  pure,  and  passes  into  the  banded  variety.  Numerous  veins  of  quartz 
(5)  cut  the  great  mass  of  ore,  and  contain  specular  oxide  in  large,  brilliant 
plates,  which  present  quite  a  different  appearance  from  the  ore  which  th«y 
traverse. 

The  character  of  the  ore  of  this  locality  is  somewhat  various  at  different 
points;  but,  in  general,  it  possesses  a  remarkable  degree  of  purity  —  for  a 
description  and  analysis  of  which,  see  the  chemical  composition  of  the  iron 
ores  in  the  succeeding  chapter.     The  iron  has  been  worked  to  a  limite<l 
extent  in  an  open  quarry,  but  there  are  loose  blocks  enough  scattered  along 
the  base  of  the  cliff  to  supply  a  furnace  for  many  years. 

The  same  deposit,  above  described  on  section  1,  continues  westerly  int^ 
section  2 ;  but  this  latter  section  is  far  less  valuable.     The  trappean  roclc^ 
here  form  a  bold  ridge  along  its  northern  boundary,  being  a  continuation  C^^ 
the  ridge  on  section  1.     In  the  sections  still  farther  west  of  this  tier^ 
nothing  of  value  has  been  discovered. 

In  the  north-east  corner  of  sectionvl2,  next  south  of  section  1,  there  ar^^ 
evidences  of  a  deposit  of  iron  in  the  deep  red  soil  and  large  masses  o:^ 
ore,  whic-h  lie  near  the  surface  on  the  side  of  a  hill,  of  which  the  summit 
is  a  crystalline  trappean  rock.     No  part  of  this  section,  however,  has  beer^ 
reported  as  containing  a  workable  deposit  of  ore. 

In  the  next  adjoining  sections  west,  (10  and  11,)  are  deposits  of  ore  oi# 
B  scale  of  gieat  magnitude;  they  are,  in  fact,  unrivalled  in  the  abund- 
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ance  and  almost  absolute  purity  of  the  ore.  The  purest  ore  occurs  in  a 
ridge,  or  elongated  knob,  which  extends  across  the  line  between  these  two 
sections,  about  an  eighth  of  a  mile  south  of  their  northern  boundary.  It 
rises  with  precipitous  walls  to  the  height  of  at  least  fifty  feet  above  the 
surrounding  surface,  and  is  made  up  of  an  almost  chemically  pure  ore.  It 
exhibits  many  of  the  characters  of  an  igneous,  eruptive  rock,  and  cannot 
be  regarded  in  any  other  light  than  as  a  huge  lenticular  mass,  which  has 
been  elevated  to  its  present  position  from  beneath,  while  in  a  semi-fluid 
state,  exactly  in  the  same  way  as  the  trappean  ridges  which  accompany  it, 
and  which  it  so  strikingly  resembles  in  general  outline  and  position.  The 
ores  of  this  ridge,  though  in  the  highest  degree  of  purity,  differ  somewhat 
in  appearance  at  different  points.  The  purest  portions  are  a  very  compact 
and  nne-grained  specular  ore,  having  an  imperfect  slaty  structure,  and 
traversed  by  joints,  like  the  slates  in  the  neighborhood.  Through  this 
fine-grained  base  are  scattered  numerous,  minute  crystals  of  the  magnetic 
oxide.  In  other  places,  the  ore  is  almost  entirely  made  up  of  an  aggregate 
of  crystals  of  the  magnetic  oxide,  sometimes  very  minute,  and  rarely  larger 
than  a  pin's  head.  Abundance  of  ore  may  be  obtained  in  loose  blocks, 
around  the  base  of  the  ridge,  and  of  a  quality  unrivalled  for  purity,  con- 
taining between  sixty-nine  and  seventy  per  cent,  of  metallic  iron.  (See 
analyses  of  ores  from  this  locality.) 

The  emanations  of  metallic  matter  have  penetrated  the  adjoining  slaty 
rocks  in  the  vicinity  of  this  locality,  and  filled  them  with  crystals  of  mag- 
netic oxide  and  occasional  streaks  and  bands  of  fine-grained  peroxide  of 
iron.  The  thickness  of  the  mass  described  above,  or  its  linear  extent,  can- 
not be  given  with  accuracy,  as  its  limits  are  concealed  by  the  heavy  cover- 
ing of  drift  which  extends  over  the  greater  portion  of  this  region  ;  but  it 
may  be  safely  stated  that  this  single  locality  is  capable  of  furnishing  an  in^ 
exhaustible  supply  of  ore;  and  Uiat,  too,  without  recourse  being  had  to 
expensive  underground  mining. 

Farther  south,  we  find  another  deposit  of  ore  crossing  the  line  between 
the  same  sections  (10  and  11),  on  a  scale  of  still  greater  magnitude,  though 
not  equal  in  point  of  purity,  to  the  ore  last  described ;  this  is  known  as  the 
Cleveland  location.  It  rises  in  the  form  of  an  elongated  knob,  or  ridge,  to 
the  height  of  one  hundred  and  eighty  feet  above  the  small  stream  in  the 
valley  at  its  base,  and  one  hundred  and  fifty-two  feet  above  the  drifl  ter- 
race, over  which  the  road  passes  near  its  northern  slope.  Its  height  above 
Lake  Superior  is  1039  feet,  and  it  forms  the  culminatinj?  point  on  this  line, 
between  the  two  lakes.  This  mountain  of  ore,  for  such  it  may  be  called, 
is  no  less  remarkable  for  its  magnitude,  than  for  its  extraordinary  structure. 
It  is  made  up,  as  far  as  it  is  exposed  on  its  sides,  which  rise  irregularly, 
and  in  some  places  with  vertical  walls,  of  alternate  bands  of  pure  fine-grained 
peroxide  of  iron  and  of  jaspery  ore.  The  thickness  of  the  bands  varies 
from  that  of  a  sheet  of  paper  up  to  one-fourth  of  an  inch.  They  are  not 
arranged  in  a  constant  position,  with  regard  to  the  general  disposition  of  the 
mass  ;  but  are  twisted  and  contorted  in  every  variety  of  form  and  outline ; 
the  curvatures  are,  however,  mostly  on  a  very  small  scale,  the  radius  of  cur- 
vature in  the  concentrically  folded  layers  being  never  as  great  as  one  foot 
in  length.  The  deep-red  color  of  the  jaspery  portion  contrasts  admirably 
with  the  steel-gray  of  the  less  silicious  bands;  indeed,  the  singular  beauty 
presented  to  the  eye  on  stripping  off  the  mossy  covering  of  a  vertical  wall 
thus  decorated  by  innumerablei  fantastically-iatQrNQvet\  ^Xfi^^  qI^a:^^;;^ 
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zing  and  brilliant  colors,  can  hardly  be  exaggerated.  We  know  of  nothing 
resembling  it  elsewhere.  This  peculiarity  ot  structure,  as  well  as  the  con- 
volutionsj  is  represented  in  Plate  XXI.,  Fig.  3. 

The  width  of  this  deposit  of  ore  cannot  be  less,  at  its  base,  than  a  thou- 
sand feet,  and  it  may  be  traced  for  considerably  over  a  mile  in  length.  It 
is  probable  that  the  deposit  which  occurs  on  the  western  line  of  this  section, 
south  of  the  trail,  is  a  continuation  of  that  just  described.  It  appears  in 
the  form  of  a  rounded  knob,  portions  of  which  are  of  very  pure  ore,  while, 
in  other  places,  it  exhibits  the  same  banded  structure  as  the  more  easterly 
portion  of  the  ridge. 

In  the  line  of  sections  next  south  of  10,  11  and  12,  namely,  13,  14  and 
15,  there  is  a  large  quantity  of  iron  at  numerous  localities;  but  so  far  as  we 
have  examined  them,  they  are  much  inferior  in  quality  and  purity  to  those 
just  described.  The  metallic  matter  has  apparently  not  been  thrown  up 
bodily  in  a  fluid,  or  semi-fluid,  state ;  but  has  permeated  the  slaty,  silicious 
rocks  in  the  form  of  a  sublimation  from  below,  and  is,  therefore,  not  pure, 
being  mixed  with  more  or  less  foreign  matter.  At  the  south-eastern  comer 
of  section  13,  the  hornblende  slate  is  thus  impregnated  with  iron,  which 
occasionally  forms  in  it  streaks  of  quite  pure  ore,  but  not  of  any  consider- 
able thickness. 

The  same  may  be  said  of  numerous  localities  along  the  line  between  sec- 
tions 13,  14  and  15,  and  sections  22, 23  and  24.  In  proportion^  however, 
as  we  recede  to  the  north,  or  south,  of  a  band  about  a  mile  in  width,  occupy- 
mg  the  northern  portion  of  the  township,  we  find  the  quantity  and  purity 
of  the  ore  deteriorating. 

Township  48,  Range  30. —  On  the  northern  shore  of  Machi-gummi,  iron 
has  been  observed  at  several  localities,  but  it  possesses  no  great  purity.  It 
is  associated  with  compact  hornblende  and  feldspar  rocks,  which  may  be 
eruptive  in  their  origin.  In  some  instances,  it  occurs  in  slates,  when  it  par- 
takes of  the  laminated  structure  characteristic  of  these  deposits.  In  other 
instances,  for  example  along  the  south  boundary  of  section  32,  township 
48,  range  30,  it  is  associated  with  a  rock  in  which  quartz  largely  predomi- 
nates :  an  association  very  common  in  the  Adirondack  ores  of  New  York. 

Township  46,  Ranges  29  and  30. —  The  largest  mass  observed  by  us  in 
this  region  occurs  on  the  left  bank  of  the  Machi-gamig,  in  section  7,  of 
township  46,  range  29,  and  traces  of  it  are  to  be  observed  on  several  of  the 
adjoining  sections.  It  here  rises  in  a  nearly  vertical  cliff  to  the  height  of 
one  hundred  and  thirteen  feet,  and  is  somewhat  variable  in  purity.  For 
the  most  part,  it  has  a  slaty  cleavage,  and,  on  close  inspection,  is  observed 
to  be  composed  of  altematmg  bands  of  micaceous  specular  iron  and  quartz, 
tinged  red  by  the  peroxide  of  iron ;  but  there  are  occasional  belts  which 
display  a  granular  texture,  and  apparently  possess  a  greater  degree  of 
purity.  Tnese  laminae  are  nearly  vertical,  exhibiting  few  contortions,  and 
range  with  so  much  uniformity,  that  the  observer  would  be  inclined  to  refer 
botn  the  slates  and  the  iron  to  a  common  origin.  Interlaminated  with  it, 
is  a  band  of  rock  composed  mainly  of  white,  granular  quartz,  with  traces 
of  feldspar,  through  which  are  disseminated  particles,  as  well  as  rounded 
masses,  of  specular  iron.  It  is  difficult  to  pronounce  whether  this  is  a 
conglomerate,  or  a  breccia.  Notwithstanding  the  immense  development 
of  tnis  iron,  it  was  found  impossible  to  determine  its  relations  to  the 
surrounding  rocks,  a  fact  of  much-  importance  in  judging  of  its  igneous,  or 
/OetamoTphic,  oiigin.    At  several  points,  veins  of  piure  white  ijuarts  were 
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seen  traversing  the  cliff,  which  contained  iron  glance,  a  form  of  this  mineral 
which  was  no  where  noticed  except  in  this  association. 

In  the  vicinity  of  portage  No.  4,  and  on  the  right  bank  of  the  river,  ac- 
cording to  Mr.  Burt,  the  same  kind  of  specular  iron  is  seen  in  ledges  twenty 
and  fifty  feet  in  height ;  and  another  exposure  of  equal  magnitude  was 
noticed  on  the  north  boundary  of  township  46,  range  29 ;  but  in  both  in- 
stances, the  associated  rocks  were  not  recognized. 

On  the  north  boundary  of  township  43,  range  31,  Mr.  John  Burt  observed 
a  bed  of  iron  possessing  a  considerable  degree  of  purity,  but  of  inconsider- 
able extent. 

Township  40,  Range  30. —  This,  as  far  as  known,  is  the  most  southern 
position  of  the  iron,  and  of  course  nearest  to  the  navigable  waters  of  Lake 
Michigan.  Its  position,  however,  as  will  be  seen,  is  far  less  favorable  than 
that  of  the  deposits  in  the  vicinity  of  Lake  Superior,  and  we  do  not,  there-  ^ 
fore,  believe  the  iron  will  become  of  practical  value,  at  least  within  a  rea-  * 
sonable  time.  According  to  Mr.  Whittlesey's  notes,  the  bed  is  exposed 
near  the  south-west  corner  of  the  township,  at  several  points  along  the 
west  side  of  a  hill  which  is  about  one  hundred  feet  in  height ;  its 
breadth  is  from  one  to  two  hundred  feet,  showing  nothing  but  slaty  iron 
ore  on  its  summit  for  a  distance  of  forty  rods.  The  real  extent  of  this  de- 
posit is  concealed  by  heavy  accumulations  of  drift  and  boulders  along  its  base 
and  on  the  gummit  of  the  ridge;  but  it  probably  extends  eastward  for  a  con- 
siderable distance.  The  distance  from  this  deposit  to  the  Menomonee  river 
is  only  two  or  three  miles;  this  river  would  furnish  a  great  amout  of  water- 
power  in  the  neighborhood  of  the  ore,  but  is  not  navigaole  except  for  canoes, 
which  can  be  carried  round  the  numerous  falls  by  portages.  The  quality*of 
the  ore  does  not  appear,  from  the  specimens  collected,  to  be  very  ffood,  it 
being  mixed  with  more  than  half  its  weight  of  silicious  matter.  The  sur- 
face of  the  township  is  so  covered  by  burnt  and  fallen  timber  and  a  thick 
undergrowth  of  maple  and  poplar,  that  it  is  difHcult  to  ascertain  much  with 
regard  to  the  character  of  the  subjacent  rocks. 

Township  40,  Range  28. — In  the  south  part  of  this  township,  on  the  line 
between  sections  28  and  29,  there  is,  according  to  Mr.  Burt,  a  deposit  of 
iron  of  considerable  extent.  It  is  at  least  a  hundred  feet  in  breadth,  and 
extends  probably  three-fourths  of  a  mile  in  a  linear  direction.  The  speci- 
mens of  the  ore  show  a  very  high  degree  of  purity,  as  they  contain  but  little 
silicious  matter,  and  are  a  mixture  of  the  peroxide  and  magnetic  oxide, 
yielding  from  63  to  68  per  cent,  of  metallic  iron.  (See  analysis.)  The  course 
of  the  bed  is  N.  80^  E.  S.  90^  W.,  and  the  dip  is  80°  to  the  north.  This  is  ^ 
probably  the  most  valuable  deposit  of  ore  in  the  southern  portion  of  the  dis- 
trict, thus  far  observed. 

Township  42,  Range  30. —  In  the  southern  part  of  this  township  large 
blocks  of  ore  have  been  observed,  but  the  bed  was  not  discovered. 

Townships  42  and  43,  Range  32. — ^In  these  townships,  several  localities 
of  ore  are  reported  by  Mr.  Jobi  Burt;  but,  as  he  remarks  in  his  notes,  they 
are  not  generally  of  sufficiently  good  quality,  or  extensive  enough,  to  make 
them  of  much  value.  The  ores  of  this  portion  of  the  district  are  generally 
much  mixed  with  silicious  matter,  and  far  inferior  to  those  of  the  deposits 
farther  to  the  north-east,    (See  analysis.) 
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OCCtJa&ENCS  OF  IRON  ORES  IK  OTHER  DISTRICTS. 

Having  thus  briefly  indicated  some  of  the  principal  localities  of  iron  in 
our  district,  and  given  an  account  of  their  association  with  the  slates  and 
trappean  rocks  of  the  azoic  system ;  for  the  purpose  of  enabling  the  reader 
to  form  a  clearer  idea  of  their  probable  origin,  geological  position,  and  mode 
of  occurrence,  we  propose  to  allude  to  some  of  the  most  extensive  and  im- 
portant deposits  in  other  parts  of  the  world ;  excluding  from  our  notice 
those  ores  which  occur  chiefly  in  the  form  of  an  impure  carbonate,  in  the 
carboniferous  series,  and  which  are  of  such  great  importance  from  their 
immense  development  in  connection  with  the  coal.  With  these  ores,  those 
of  Lake  Superior  have  no  analogy,  either  in  their  mineralogical  composition, 
or  their  mode  of  occurrence.  It  is  to  those  great  deposits  of  the  oxides  of 
iron  which  occur  in  various  parts  of  the  world,  that  we  are  to  look  for  the 
means  of  comparison.  Among  these,  the  best  known  and  most  extensive, 
in  Europe,  are  those  of  Sweden,  of  Elba  and  Russia  ;  and,  in  our  own  coun- 
try, those  of  northern  New  York,  and  Missouri.  They  are  of  great  extent 
and  of  remarkable  purity. 

Mines  of  Scandinavia* —  According  to  the  best  authorities,  and  especially 
Durocher,  who  has  giv^n  a  very  detailed  and  careful  description  of  the 
metalliferous  deposits  of  Scandinavia,  the  ores  of  iron  may  be  arranged  in 
the  following  scneme. 

a.  In  gneiss  alone,  or  accompanied  by 
granite,  and  in  the  allied  slates, 
talcoi»e,  micaceous  and  calcare- 
ous. 

b.  In  hornblende  rocks,  intercalated, 
or  interposed,  in  the  gneias. 

B.  Specular  iron,  some-  (      r  j  •  *  j        ^ 

times  pSre,  and  someUmes  \       J°  ^^'"^  and  associated  quartzosc. 
mixed  with  magnetic  iron.  1  *^^  micaceous  slates. 

G.  Magnetic  oxide.  In  the  argillaceous  slates. 

Deposits    in  *  the  \      Masses  of  magnetic  and,  rarely,  of  specular  oxide,  near  the  con- 
Mbeozoic  series.         '  **^*  ^^  ^^^  palaiozoic  rocks  and  the  granite. 

B^^'i^ep^H..     )       Bog  ore  in  lakes,  .w«np.,  4*. 

The  deposits  of  the  first  division  are  by  far  the  most  important ;  those  in 
the  palaeozoic  rocks  the  least  so.  It  will  be  noticed  particularly  that  the 
former  are  enclosed  in  the  azoic  series,  which  in  Sweden  and  Norway  is 
made  up  principally  of  a  crystalline,  granitic  gneiss,  presenting  an  alniost 
infinite  succession  of  feldspathic,  quartzose,  micaceous  and  hornolende  lami- 
nae, and  often  cut  through  and  disturbec^  by  dykes  of  greenstone  and  granite. 
The  researches  of  Murchison  and  de  Verneuil  show  conclusively  that  these 
rocks  had  taken  their  present  form  before  the  deposition  of  the  lowest 
Silurian  strata.  There  are  several  localities  where  the  magnetic  oxide 
occurs  nearly  pure  and  without  gangue ;  of  this,  the  mine  of  Bispberg  fur- 
nishes a  good  example.  It  has  uie  form  of  a  lenticular  mass,  and  its 
longest  axis  coincides  with  the  direction  of  the  schistose  structure  of  the 
slates  in  w'hich  it  is  enclosed.  The  mines  of  Danemora  are  in  a  ferriferous 
band  of  about  600  feet  in  width,  and  7000  feet  in  length.  In  the  neigh- 
bourhood gneiss  is  the  prevailing  rock ;  but,  in  the  immediate  proximity  of 
the  mines,  the  rock  exposed  is  a  greyish  limestone,  slightly  magnesian,  ac- 
companied hy  talcose  and  chloritic^ates,  which  proteibly  are  subordinate 
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deposits  in  the  azoic 
system,  (gneiss  and  ^ 
ArgiUaceous  slates.) 


A.  Deposits  of  pure  mag- 
netic oxide. 
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to  the  gneiss.  The  deposits  of  iron  fonn  imperfectly  cylindrical  masses, 
their  axes  almost  vertical,  and  their  bases  much  elongated  in  the  direction 
of  the  schistose  structure  of  the  rock. 

The  mines  of  Uto,  which  are  especially  interesting  to  the  mineralogist  on 
account  of  the  quantity  of  lithia  minerals  which  are  found  there,  are  of 

great  importance.  The  ore  is  principally  the  specular  oxide  mixed  with 
le  magnetic  oxide.  It  is  in  the  form  of  lenticular  masses,  enclosed  in 
micaceous  slates  and  quartz-rock ;  at  the  point  of  contact  of  the  ferriferous 
mass,  the  quartzose  beds  predominate,  and  the  silica  is  often  colored  red  by 
the  peroxide  of  iron.  The  principal  deposit  is  about  one  hundred  and 
twenty  feet  in  its  widest  part,  forming  an  enormous,  lenticular  mass  of  an 
irregular  contour,  and  with  a  vertical  axis. 

At  Gellivara,  the  magnetic  oxide  forms  a  mountain  mass  three  or  four 
miles  in  length,  and  a  mile  and  a  half  in  width,  a  great  portion  of  which  is 
very  pure,  some  portions  containing  specular  ore  mixed  with  magnetic. 
The  principal  reason  why  this  enormous  deposit  has  not  been  worked  to  a 
great  extent,  is  its  remoteness  from  navigable  water,  and  its  very  high 
northern  latitude,  (67°). 

These  deposits  are  called,  in  Sweden  and  Nor\vay,  veins;  but  they  differ 
materially  in  character  from  what  is  generally  understood  by  true  veins. 
With  a  few  exceptions,  they  appear  to  have  been  deposited  in  the  midst  of 
schistose,  or  massive  rocks,  in  forms  which  approach  more  nearly  to  beds,  or 
elongated  bands  and  irregular  masses ;  and  they  have  evidently  not  filled 
previously-existing  fissures  which  cross  the  strata  at  an  angle,  but  almost 
uniformly  coincide  in  the  direction  of  their  greatest  elongation  with  the 
strata  of  the  schistose  rocks.^ 

The  micaceous,  specular  ores  are  generally  associated  with  the  quartzose 
and  mica  slates,  but  rarely  with  the  calcareous  rocks.  Where  there  is  cal- 
careous matter  near  the  junction  of  the  ore  and  the  enclosing  rock,  there  is 
a  great  variety  of  minerals  in  the  gangue,  indicating  that  they  were 
formed,  under  certain  conditions,  by  the  metamorphic  action  of  the  ferrifer- 
rous  mass  upon  the  adjacent  rocks.  The  mine  of  Hassel,  in  Norway,  offers 
a  good  instance  of  the  tendency  of  the  specular  ore  to  associate  itself  with 
the  quartzose  and  slaty  rocks.  The  deposit  is  not  a  vein,  but  rather  a 
series  of  slaty  beds  impregnated  with  peroxide  of  iron,  to  the  amount  of 
twenty  or  thirty  per  cent. 

The  Mines  of  Elba. —  The  mines  of  Elba,  which  have  been  so  long 
known  as  to  have  acquired  a  classic  celebrity,  afford  abundant  proof  of  the 
igneous  origin  of  the  specular  ores  of  iron;  and,  on  that  account,  are  of  great 
interest  to  the  geologist.  The  deposits  of  iron  are  principally  concentrated 
in  the  eastern  part  of  the  island,  where  they  are  associated  with  serpentine. 
The  sedimentary  rocks  in  that  vicinity  have  been  metamorphosed  and 
intermingled  with  serpentine,  so  as  to  give  rise  to  an  abundance  of  beauti- 
fully variegated  marbles.  The  mass  of  specular  ore  near  Rio  has  all  the 
appearance  of  having  been  formed  by  sublimation,  with  pressure  from  below 
upwards,  through  the  strata,  which  are  highly  metamorphosed  at  the  con- 
tact of  the  ferriferous  mass  and  into  which  these  metallic  emanations  have 
penetrated  in  every  direction.  The  nature  of  the  gangue  varies  with  the 
rock  in  which  it  is  contained.  In  the  quartzose  slates,  it  is  mostly  crystal- 
lized quartz,  and  in  the  calcareous  strata,  actinolite  and  yenite ;  so  that  it 
u  evident  that  these  effects  could  only  have  arisen  from  intense  igneous 
action. 
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The  appearance  and  relations  of  the  mass  of  magnetic  ^de  and  hema- 
tite of  Monte  Calamita,  are  such  as  to  leave  no  doubt  as  to  its  igneous 
origin.  This  deposit,  which  is  much  more  extensive  than  that  of  Rio,  has 
uplifted  the  incumbent  strata  and  produced  all  the  effects  of  metamorphic 
action  upon  them.  For  instance,  the  compact  limestone  which  lies  adjacent 
to  the  ferriferous  mass,  is  changed  into  a  saccharoidal  dolomite,  and,  along 
the  line  of  contact,  silicates  of  lime,  magnesia  and  iron  have  been  devel- 
oped. The  whole  appearance  of  the  mass  is,  according  to  Burat,  that  of  an 
.  immense  wedge  driven  upwards  from  below  into  the  calcareous  and  schis- 
tose rocks,  producing  all  the  effects  to  be  expected  from  the  intrusion  of 
such  a  mass  by  igneous  agency. 

The  age  of  the  deposits  of  the  island  of  Elba  is  probably  later  than  the 
Jurassic  epoch ;  but  it  must  be  observed  that,  although  these  mines  have 
become  very  celebrated,  from  the  great  length  of  time  during  which  they 
have  been  worked,  yet  the  deposits  are  by  no  means  on  a  scale  of  such 
magnitude  as  those  of  the  azoic  system,  though  highly  interesting  from 
the  evidences  of  igneous  action  which  they  present. 

Russian  Mines.  —  The  iron  ores  of  Nijny  Tagilsk,  in  the  Ural  moun- 
tains, occur  in  immense  masses,  which  are  tnus  described  by  Murchison  and 
de  Verneuil,  in  their  Geology  of  Russia.  From  this,  it  will  be  seen  that 
the  associated  rocks  of  the  two  regions  (Lake  Superior  and  the  Ural)  are 
somewhat  similar,  though  differing  in  age.  • 

"On  the  summits   and   slopes  of  the  Vissokaya-gora,  patches  of  ore 

i usually  compact,  and  with  a  conchoidal  fracture,)  have  been  extracted 
rom  a  very  remote  period ;  but,  whether  these  metallic  masses  are  merely 
the  upper  portions  of  veins  which  traverse  the  surrounding  rock,  or  mere 
adherent  superficial  patches,  which  occupy  cavities  and  clefts  in  the  gretn- 
stone,  we  could  not  ascertain.  However  this  may  be,  the  chief  mass  of 
the  ore  is  now  seen  to  occupy  the  talley  on  the  western  side  of  the  hill,  for 
it  has  been  deeply  cut  into  by  open  quarries.  The  refuse  stuff,  or  capping 
of  decomposed  feldspar  and  mixed  matter,  with  hydrate  of  iron,  having 
been  cleared  away,  an  enormous  body  of  the  iron  ore,  (fer  oxydule,)  rudely 
bedded,  and  traversed  by  numerous  joints,  is  exposed  oy  great  works  along 
a  face  which,  including  the  useless  overlying  materials,  has  a  height  of 
nearly  a  hundred  feet,  and  a  length  of  several  hundred. 

When  on  the  spot,  it  seemed  to  us  possible  to  account  for  the  appearance 
presented  by  this  metallic  accumulation,  most  of  which  is  now  but  little 
solidified,  either  by  supposing  it  to  have  been  of  plutonic  origin,  and  that, 
issuing  from  fissures  on  the  hill-side,  it  had  flowed,  when  in  a  molten  state, 
into  the  hollow  where  it  lies ;  or,  that  it  was  formerly  a  mass  of  sedi- 
mentary materials,  which  had  been  altered  and  mineralized  by  heat  and 
vapors,  which,  making  use  of  parts  of  the  surrounding  limestone  as  a  flux, 
had  elaborated  the  metallic  substance.  A  feature  pointed  out  to  us  by  M. 
Schwetzoff,  may  serve  to  throw  some  light  on  the  question  of  the  origin  of 
the  iron.  In  opening  out  the  side  of  the  valley,  nearest  to  the  hill  of 
greenstone,  irregular  knobs,  or  points,  of  that  rock  were  met  with,  on  strip- 
ping which,  it  was  found  that  the  iron  ore  had  accommodated  itself  to  the 
mequalities  of  the  surface,  and  that,  at  such  points  of  contact,  the  ore  was 
not  only  harder  and  more  crystalline  than  usual, — ^in  fact,  almost  unmanage- 
able by  the  workmen — but,  also,  much  more  magnetic  than  at  a  short  ms- 
tance  from  the  greenstone. 
JVow,  if  the  observer  were  furnished  with  no  other  data  than  these,  be 
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might,  reasoning  from  the  countless  analogies  of  metamorphism  which 
result  from  the  eruption  of  igneous  through  sedimentary  matter,  infer  that 
the  greenstone,  intruding  into  ancient  materials,  had,  in  producing  a  change 
throughout  their  whole  mass,  rendered  those  parts  only  which  were  in  con- 
tact with  it,  most  crystalline  and  metallic,  by  the  development  at  such 
points  of  the  most  powerful  electrical  action. 

We  leaned,  we  confess,  when  on  the  spot,  to  this  opinion ;  but,  after 
having  read  the  memoir  of  Colonel  Helmersen,  upon  the  origin  of  the 
magietic  iron  ore  of  Blagodat,  we  are  bound  to  admit,  that  the  phenomena 
at  Nijny  Tagilsk  may  possibly  be  explicable  in  accordance  with  his  views, 
and  that  the  metallic  iron  ore  may  have  penetrated  the  preexisting  ^reen- 
itone  of  the  hill,  and  thence  have  flowed,  as  submarine  lava,  or  volcanic 
mud,  into  the  contiguous  depressions.  The  fact,  that  the  ore  expands  in 
Kridtb,  thickness  and  dimensions,  as  it  is  followed  into  the  lower  parts  of 
he  valley,  and  that  it  fills  up  the  sinuosities  of  the  subjacent  rock,  seem, 
m  the  whole,  to  favor  this  view."* 

At  Blagodat,  the  chief  eruptive  rock  is  feldspathic  augite  porphyry.  Up- 
ight  masses  with  metallic  surfaces  are  seen  to  rise  out,  as  is  were,  from  the 
yorphyTjy  indicating  the  ancient  quarries  from  which  the  iron  ore  has  been 
'Xtracted.  When  on  the  spot,  we  were  rather  disposed,  they  remark,  to 
riew  the  great  lateral  and  rudely  stratified  accumulations  as  sediments  which 
lad  been  metamorphosed  by  the  influence  of  the  contiguous  eruptive  rocks; 
ve  were  then  ignorant  of  the  fact,  that  dykes  of  really  intrusive  character, 
aade  up  of  crystalline  and  igneously-formed  minerals,  and  clearly  formed 
josterior  to  the  mountain,  contained  similar  iron  ore. 

If  we  turn  from  the  foreign  localities  of  this  class  of  deposits  to  those  of 
>ur  own  country,  we  shall  find  that  they  possess  many  features  in  common, 
uid  that  they  were  all  derived,  probably,  from  a  common  origin. 

Iron  region  of  Missouri,—-  From  Mr.  Charles  F.  Mersch,  an  intelligent 
urerman  metallurgist,  who  was  employed  for  several  years  at  the  Iron  moun- 
tain of  Missouri  m  superintending  the  erection  of  furnaces  and  directing 
their  operation,  we  derive  the  following  information: 

**  The  specular  and  magnetic  iron  ores  in  this  portion  of  Missouri  are 
found  in  the  porphyritic  rocks  which  constitute  all  this  part  of  the  region. 
The  Iron  mountain  proper  is  a  conical  hill  at  the  western  extremity  of  one 
of  these  porphyritic  ridges,  its  base  covering  an  area  of  about  three  quarters 
of  a  square  mile.  Its  height  is  very  nearly  two  hundred  feet  above  the 
surrounding  plain,  and  its  summit  is  an  isolated  cone;  but  on  the  eastern 
side,  some  thirty  feet  towards  a  narrow  wall  of  porphyritic  rock  which  con- 
nects it  with  the  ridge  forming  the  western  extremity,  the  junction  of  the 
iron  ore  and  porphyry  is  very  plainly  seen,  along  the  line  of  intersection  of 
the  surfaces  of  the  two  mountains.  The  specimens  along  that  line  contain 
the  two  rocks  mechanically  mixed.  At  a  short  distance  on  either  side  of 
this  line,  the  iron  ore  and  the  porphyry  are  pure. 

This  Iron  mountain  seems  to  consist  of  one  single  mass  of  compact  oxide 
of  iron,  almost  pure  peroxide,  with  not  more  than  two  or  three  per  cent, 
of  silicious,  or  aluminous  matter.  Its  top  presents  some  large  fragments, 
but  without  any  indications  of  stratification. 

This  same  specular  ore  is  found  in  several  places  in  other  parts  of  the 

*  Russia  and  the  Ural  Moantains,  Vol.  I.,  p.  871. 
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mountains,  but  nowhere  in  such  an  extensive  mass.    It  seems  to  form  beds 
coeval  with  the  porphyry  which  encloses  it. 

Some  four  or  five  miles  south  of  this  iron  mountain  is  situated  another 
of  a  much  larger  size,  known  in  the  country  as  the  Pilot  knob.  Here  the  ore, 
though  not  very  different  in  its  chemical  composition,  is  tliflertnt  in  its  phy- 
sical characters,  and  is  known  as  the  magnetic  ore. 

Its  altitude  may  be  five  or  six  hundred  feet;  its  summit  being  about  on 
the  same  level  as  the  highest  points  of  the  porphyritic  ridges.  This,  too,  is 
an  isolated  cone,  and  the  ore  occurs  from  the  summit  to  the  base,  appa* 
rently  forming  an  immense  dyke  bisecting  the  mountain,  which  is  porphy- 
ritic, like  the  surrounding  ridges.  This  ore  not  only  occurs  in  laminae,  like 
the  slates,  but  varies  also  with  regard  to  its  purity — in  general  becoming 
more  slaty  as  it  becomes  purer.  When  the  impurities  increase,  the  mass 
loses  this  slaty  structure^  and  constitutes  a  rock  similar  in  appearance  to 
porphyry. 

As  to  the  relation  of  this  porphyritic  formation  to  the  granite,  I  can  only 
add  that,  to  my  knowledge,  there  is  no  real  black,  or  grey,  granite  in  the 
country ;  but  about  two  or  three  miles  to  the  south-west  of  the  Iron  moun- 
tain, commences  a  very  remarkable  formation  of  syenitic  granite,  in  boulder- 
like masses,  resembling  in  its  external  characters  that  of  the  Nile.  These 
rest  on  dome-like  formations  of  the  same  nature,  with  divided  lines  of  stra- 
tification, or  division,  running  more  or  less  parallel  with  the  surface.  ^ 

As  to  the  relative  age  of  this  formation  and  the  porphyry,  I  have  no 
facts  to  found  an  opinion  upon. 

With  regard  to  the  sedimentary  formations,  the  only  one  I  ever  saw  im- 
mediately connected  with  the  porphyry  is  a  sandstone  (Potsdam  ?)  which 
has  been  almost  entirely  destroyed  by  subsequent  aqueous  action ;  but  which 
is  posterior  in  age  to  the  porphyry  and  iron ;  since,  wherever  the  layers  of 
the  latter  come  m  contact  with  the  porphyry,  they  repose  in  a  nearly  hori- 
zontal position — a  fact  the  more  important,  since  there  are  portions  of  this 
formation  in  other  parts  of  the  district,  with  different  dips,  produced  in  mjr 
opinion,  by  the  action  of  water. 

En  resume,  I  have  never  observed  in  the  iron  region  of  Missouri,  to 
which  the  preceding  remarks  refer,  one  single  feature  which  would  autho- 
rize me  to  mfer,  or  suspect,  any  volcanic  or  plutonic  action  posterior  to  the 
formation  of  the  first  sandstones,  except  such  action  as  might  have  caused 
the  absolute  change  of  level  in  the  whole  country,  of  which  there  are 
abundant  marks." 

In  a  subsequent  communication,  in  reply  to  additional  queries  propounded 
by  us,  he  remarks : — '*  With  regard  to  the  rocks  which  mark  the  mtersection 
of  the  porphyry  and  iron  ore,  at  the  Iron  mountain,  they  are  really  some- 
what like  breccias,  though  fused  into  a  homogeneous  mass ;  one  rock  con- 
taining fragments  of  the  other,  though  less  angular  than  is  generally  the 
case  with  breccias.  My  impression  is  that  the  specimens  rather  indicate 
that  the  porphyry  contains  fragments  of  iron,  than  the  contrary :  at  any 
rate,  I  have  never  seen  any  which  I  would  have  considered  as  fragments  of 
the  two  rocks  merely  cemented  together. 

With  regard  to  the  direction  of  the  ridges,  I  dare  say  but  little  about  it, 
although  my  impressions  are  that  they  run,  at  least  in  the  vicinity  of  tha 
Iron  mountain,  north-east  and  south-west. 

There  are  some  features  about  the  Iron  mountain  which  I  did  not  com- 
municate in  my  former  letter ;  but^  in  order  that  you  may  be  able  to  det«r-^ 
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mine  how  far  the  geological  events  of  this  region  agree  with  those  of  Lake 
Superior^  1  add  here  a  section  of  the  Iron  mountain.  (Fig.  10.)  This  sec- 
tion has  actually  been  made,  and  there  is,  therefore,  nothing  theoretical,  or 
rather,  hypothetical,  about  it,  except  the  relative  thicknesses  of  the  different 
masses. 

fig.  1 


Section  of  the  Iron  Mountain.  ■* 


» 


1.  Porphyritic  moiinUin. 

2.  Iron  mountain,  of  solid  ore  of  great  pnrity,  all  over  the  tummit,  apparently  of  unfkthom- 
able  depth. 

a.  Fragments  of  iron  ore,  derived  fVom  No.  2,  ronnded  as  if  by  the  action  of  water,  vary- 
ing In  size  firom  a  man's  head  to  that  of  a  pea,  closely  aggregated,  the  interstices  being  filled 
with  a  red,  or  brownish  cljiy,  rich  in  iron  and  manganese.  This  stratum  has  an  average 
thickness  of  six  feet. 

k.  A  bed  of  red  clay,  without  any  iron  ore  mechanically  mixed. 

e.  A  sUty  rock  of  clay-like  nature,  called,  in  the  country,  harH'pan. 

d.  Sandstone,  not  identical,  in  my  opinion,  with  that  before  mentioned. 

These  deposits  are  evidently  of  comparatively  recent  date,  and  hare 
some  connection  with  the  history  of  the  Iron  mountain. 

It  is  from  the  bed  a,  that  the  American  Iron  Mountain  Company  derive 
their  ore.  Not  only  this  bed,  but  the  underlying  one,  6,  exten(is  some  dis- 
tance up  the  mountain.  With  regard  to  the  two  subjacent  ones,  I  can  say 
no  more.     How  deep  the  sandstone  extends  has  not  been  determined.'' 

Ores  of  the  State  of  Jfew  York, —  Our  information  with  regard  to  these 
extensive  and  important  deposits  of  the  ores  of  iron  in  New  York,  is  prin- 
cipally derived  from  Professor  Enynons's  Report  on  the  Geology  of  the 
District,  and  from  our  own  examination  of  a  portion  of  this  region. 

In  the  nature  of  the  ores  and  their  mode  of  occurrence,  as  well  as  the 
character  of  the  associated  rocks,  there  is  a  considerable  similarity  to  those 
of  the  Lake  Superior  district,  but  the  analogy  with  the  Swedish  deposits  is 
still  more  striking.  The  New  York  ores  are  chiefly  the  magnetic  oxide, 
with  some  specular  ore,  or  peroxide.  They  are  included  within  gneiss, 
quartzose,  and  hypersthene  rocks,  and  associated,  not  unfrequently,  with  ser- 
pentine. The  gneiss  seems  to  be  an  obscurely  stratified  rock,  similar  in 
position  to  the  azoic  slates  of  the  Lake  Superior  region,  the  upward  range 
of  the  ores  in  both  districts  being  limited  by  the  Potsdam  sandstone. 

By  far  the  larger  portion  of  Both  the  magnetic  and  specular  ores  of  the 
iron  region  of  New  York  occurs  in  the  form  of  masses,  apparently  due  to 
igneous  agency.  THese  masses  appear  to  be  contemporaneous  with  the 
i-ock  whicii  encloses  them,  and,  like  the  trappean  rocks,  they  exhibit  a 
jointed  structure.  The  extent  of  many  of  these  deposits  is  so  great,  that 
^e  ore  can  only  be  considered  as  a  rock,  and  the  deposits  classed  like 
greenstone,  porphyry,  or  serpentine,  among  rock  formations.  These  erup- 
tive masses  almost  invariably  coincide  in  their  line  of  greatest  linear  develop- 
^nent,  with  the  line  of  strike  of  the  associated  rocks,  but  are  exceedingly 
irregular  in  their.dimensions,  expanding  to  a  great  width,  and  then  con- 
traoing  again  within  very  narrow  limits,  or  disappearing  (ot  aom^  ^\»SkK^ 
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entirely.  Although  thus  coinciding  in  their  strike,  they  do  not  invariably 
agree  in  dip,  with  the  planes  of  the  rock  enclosing  them. 

Among  the  most  extensive  of  these  deposits,  are  those  of  the  Adirondack 
mountains,  which  consist  of  the  magnetic  oxide,  showing  in  their  mode  of 
occurrence  a  striking  resemblance  to  the  Swedish  deposits  before  described, 
of  the  same  class,  l^othing  like  the  appearance  of  regular  veins  is  observed 
in  them,  except  the  small  ramifications  which  are  subordinate  to  the  large 
masses.  They  have  often  a  jointed  structure,  and  break  into  tabular  blocks. 
Some  of  them  are  slaty,  having  parallel  lines  of  separation,  a  structure 
which  may,  with  probability,  be  referred  to  the  action  of  crystallizing  forces. 
The  width  of  these  deposits  seems  to  be  very  great  in  proportion  to  the 
length  through  which  they  have  been  traced.  Thus,  the  "  Sanford  bed," 
according  to  Dr.  Emmons,  is  exposed  for  a  length  of  1667  feet,  and  its 
width  is  514  feet. 

In  describing  these  deposits,  Dr.  Emmons  appears  to  have  been  satisfied 
of  their  igneous  origin,  and  of  their  being  by  no  means  veins.  In  his  descrip- 
tion of  the  ores  of  Clinton  county,  however,  he  seems  to  recognize,  in  their 
mode  of  occurrence,  all  the  phenomena  of  true  veins,*  in  corroboration  of 
which,  he  cites  the  celebrated  "  Arnold  vein. '' 

In  our  examination  of  this  locality,,  we  gave  a  different  interpretation  of 
the  phenomena  here  displayed.  So  far  from  regarding  the  containing  rock 
as  granite,  we  thought  we  saw  abundant  evidences  of  its  metamorpmcjori- 
gin.  It  does  not  appear  in  the  form  of  a  vast,  irregular,  compact  mass ;  but 
presents  well-defined  lines,  like  those  of  bedding,  having  a  uniform  dip  aad 
bearing.  The  ore  is  arranged  in  bands,  conformable  to  these  lines,  and 
although  it  is  slightly  variable  in  thickness,  it  was  not  observed  in  any 
instance,  to  cross  the  mineral  planes.  It  has  none  of  the  characters  of  a 
true  vein.  There  are  no  well  defined  walls,  grooved  and  striated — po 
distinct  lines  of  separation  between  the  metallic  and  silicious  matter,  and  no 
gangue,  different  from  the  wall-rock  :  so  far  from  it,  there  is  a  gradual  pas- 
sage from  one  into  the  other,  and,  eveij  where  there  is  the  greatest  con- 
centration of  the  ore,  we  find  disseminated  particles  of  silicious  matter 
which  do  not  differ  in  raineralogical  character  from  the  exterior  rock. 
From  the  phenomena  here  displayed,  most  geologists  would  at  once  recog- 
nize the  deposit  as  a  bed,  and  not  a  vein.  It  is  true,  this  bed  does  not  pur- 
sue a  uniform  direction  ;  but  when  it  is  observed  that  the  quartzose  rocks 
are  here  traversed  by  powerful  trappean  dykes,  we  are  not  at  loss  to 
account  for  the  dislocation. 

Ores  of  Massachusetts, —  Canada  East.  — In  Massachusetts,  according  to 
Professor  Hitchcpck,  the  micaceous  oxide  occurs  in  beds.  At  Hawley,  it  is 
included  in  the  talco^e  slates,  and  at  Chester,  in  the  hornblende  slates/ inter- 
stratified  with  talcose  slates.t 

Mr.  Logan  has  described  numerous  deposits  of  specular  and  magnetic  oxide 
of  iron,  in  the  townships  of  Sutton  and  Brome,{  Canada  East,  in  a  prolon- 
gation of  the  Green  Mountains.  They  occur  between  two  dolomitic  belts 
on  the  west  side  of  the  anticlinal  axis,  in  a  highly  metamorphosed  formation, 
supposed  to  be  the  equivalent  of  the  Hudson-river  group.  He  describes 
the  deposits  as  beds,  ranging  and  dipping  with  the  associated  strata.     "  The 

— —_>__————————— ^ —         ^ 

•  Report  on  the  Second  Geological  District  of  New  York, 

t  Otology  of  Massachusetts,  612. 

t  Report  of  Progress,  18i7-8,  p.  60  $t  scf. 
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ore  of  the  whole  of  the  localities  that  have  heen  described  is  of  a  thinly 
laminated  or  slaty  character,  often  splitting  into  curved  plates  A^'here  corru- 

! rations  exist,  and  in  the  bluff  in  question  the  laminae  throughout  the  whole 
ace  present  a  most  complicated  and  fantastic  set  of  contortions,  but  closely 
compacted  together,  in  so  smooth  and  polished  a  transverse  section  that  it 
was  not  practicable  to  ascertain  whether  there  was  a  tendency  to  separation 
in  the  lines  of  supposed  deposit ;  a  few  parallel  joints,  independent  of  these 
lines,  were  observed,  but  giving  thick  plates."  These  ores  are  more  or  less 
titaniferous,  of  a  finely  granular  structure  and  contain  an  admixture  of 
chlorite.  There  are,  however,  in  this  vicinity,  transverse  veins  of  nearly 
pure  specujar  iron,  with  a  quartzose  gangue,  cutting  chlorite  slates. 


,  THEORETICAL   COySIDERATIONS. 

Having  thus  indicated  some  of  the  most  interesting  localities  of  the  ores 
of  iron,  analogous  in  their  geological  position  and  mode  of  occurrence  to 
those  of  the  Lake  Superior  district,  we  are  naturally  led  to  the  considera- 
tion of  the  theory  of  their  origin :  a  question  of  the  highest  scientific  in- 
tefest,  with  regard  to  which  the  opinions  of  eminent  geologists  are  at  va- 
riance.    These  differences,  principally  relate  to  the  questions, 

I.  Are  they  Veins,  or  Beds  ? 

II.  Are  they  of  I^eous,  or  Metamorphic  origin  ? 

To  the  consideration  of  these  questions,  we  propose  to  devote  a  few 
pages. 

I.  These  deposits,  so  far  as  investigated  by  us,  display  few  of  the  pheno- 
mena of  veins.  A  vein  we  understand  to  be  a  fissure  of  indefinite  length 
and  depth,  running,  in  most  instances,  across  the  lines  of  stratification,  and 
filled  with  mineral  or  metallic  matter,  differing  from  the  enclosing  walls. 
The  contents  of  a  vein  are  generally  separated  from  the  walls  on  either 
side  by  selvages  of  decomposed  earthy  matter,  so  that  the  gangue  and 
mineral  matter  are  easily  distinguished  and  detached  from  the  accompanying 
rock ;  moreover,  there  is  generally  evidence  that  the  fissure  is  subsequent 
m  age  to  the  rock  which  it  traverses.  In  all  of  these  characteristics  of  a 
true  vein,  the  ffreat  deposits  of  iron,  whether  observed  on  Lake  Superior, 
m  Missouri,  New  York,  or  Scandinavia,  will  be  found  to  differ  essen- 
tially. 

We  do  not  intend  to  imply  that  there  may  not  be  veins  formed  secondary 
to,  and  dependent  on,  the  existence  of  larger  masses.     These  appear  in 
some  of  the  deposits  of  the  New  York  iron  region  in  the  form  of  ramifying 
and  branching  strings,  shooting  out  from  the  great  body  of  ore.     So  at  the 
Jackson  location,  and  on  the  Machi-gamig,  we  have  numerous  quartz  veins, 
secondary  to  the  main  ferriferous  mass,  into  which  the  iron  has  been  sub- 
limcd. ;  but  it  is  worthy  of  remark,  that  in  those  veins,  which  never  exceed 
an  inch  or  two  in  width,  the  ore  is  in  the  form  of  brilliant  plates,  or  proper 
tptcular  ore  associated  with  a  quartzose  e^angue,  which  is  not  the  case  in 
the  main  body  at  all.     The  great  deposits  of  this  metal,  however,  as  we 
We  seen,  occur  under  conditions  widely  different.     The  Iron  mountain  of 
Missouri  rises  up  from  the  surrounding  plain  like  a  great  dome,  or  protuber- 
ance, while  the  ferriferous  belts  of  the  Lake  Superior  district  expand  to 
the  width  of  more  than  a  thousand  feet.     In  Scandinavia,  they  assume  the 
form  of  flattened,  cylindrical  masses,  and  the  same  is  lxu<&'m\]i[ix^^^V^ 
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their  occurrence  in  northern  New  York,  their  width,  in  some  cases,  being 
nearly  as  great  as  their  extent. 

In  regard  to  the  junction  of  the  ferriferous  belt  with  the  enclosing  rocky 
masses,  it  may  be  said,  in  general,  that  there  are  no  selvages  and  no  abrupt 
lines  of  demarcation  between  the  two ;  but  that  they  are,  as  it  were,  soldered 
together,  or  else  the  amount  of  metallic  matter  gradually  decreases  and  is 
replaced  by  rock.  In  most  of  the  Lake  Superior  deposits,  there  is  a  total 
absence  of  any  appearance  of  selvages,  and,  moreover,  there  is  no  gangue, 
or  peculiar  mineral  matter,  connected  with  the  ore.  Where  there  is  a  ten- 
dency to  a  parallel  structure  of  the  metalliferous  belts,  the  bands  gf  rock 
enclosed  by  them  are  in  no  way  different  in  their  nature  from  the  fgrmatios' 
itself  in  which  the  whole  system  is  contained.  Neither  do  we  find  any  ap- 
pearance of  rubbed  and  polished  surfaces,  indicating  a  subsequent  intrusion 
of  the  metallic  mass,  as  if  it  had  been  driven  In  between  the  strata  like  a 
wedge.  This  is  an  important  point,  since  we  can  hardly  conceive  of  such 
enormous  quantities  of  matter  having  been  forced  up  from  beneath,  along 
the  line  of  least  resistance  of  the  strata,  without  some  evidence  of  such  a 
powerful  disruption  of  the  rock,  and  of  the  immense  friction  of  the  uplifted 
mass  against  the  rocky  walls.  The  almost  imiversally  observed  coincidence 
of  the  line  of  bearing,  or  Hne  of  greatest  extent,  with  the  lines  of  beddkg 
of  the  adjacent  rock  formation,  is  another  essential  point  of  difference  be- 
tween the  mode  of  occurrence  of  the  iron  deposits,  and  that  of  other  ores 
occurrmg  in  regular  veins.  If  there  had  been  a  set  of  previously  existing  fis- 
sures, analogy  with  the  metalliferous  veins  of  the  great  mining  districts  would 
lead  us  to  expect  to  find  them,  in  the  greater  number  of  instances,  crossing 
the  formation  at  an  angle  with  the  line  of  direction  of  the  strata.  This  is 
not  the  case  with  any  of  the  deposits  of  ore  in  the  Lake  Superior  region, 
and  very  rarely,  if  ever,  in  the  other  districts.  We  find,  on  the  contrary, 
that  the  great  iron  beds  of  this  re^on  preserve  in  their  direction  a  perfect 
harmony  with  the  slates  of  the  azoic  series,  which  forbids  the  supposition 
of  there  ever  having  been  a  set  of  fissures  formed  by  any  disruption  of  the 
strata. 

Having  thus  shown  that  these  deposits  are  essentially  different  from 
Veins,  we  proceed  to  discuss  the  second  branch  of  the  enquiry. 

II.  Are  they  of  Igneous,  or  Metamorphic  origm  ?  Or,  in  other  words, 
have  they  been  forced  up  through  some  widely  expanding  fissure  and  flowed 
over  the  ancient  surface  in  broad  sheets  ; .  have  they  penetrated  the  prior- 
formed  strata  in  the  form  of  metallic  emanations  from  below ;  or,  were  they 
originally  deposited  by  aqueous  causes,  but  subsequently  modified  by  direct, 
or  tran5?mitted  heat  ? 

The  occurrence  in  nature  of  specular  and  magnetic  oxide  of  iron,  and 
especially  of  the  former  variety,  is  such  as  to  leave  no  doubt  of  its  having 
been  an  original  igneous  product ;  but,  whether  it  is  so,  in  all  cases,  can- 
not, perhaps,  be  demonstrated.    If,  however,  it  appears,  that  this  theory  ol 
its  formation  is  analogous  to  what  we  know  to  be  true,  in  many  cases,  and 
does  not  controvert  any  known  fact,  and  that  it  is  the  only  one  by  which 
the  phenomena  of  these  deposits  can  be  explained,  we  should  not  hesitate 
to  adopt  it.     We  know  that  the  sublimation  of  speculai  iron  is  a  phenom^ 
non  frequently  exhibited,  on  a  large  scale,  in  volcanic  craters.     In  that  o^ 
Vesuvius,  for  instance,  the  clefts  and  cavities  are  often  found  lined  '^i*^ 
delicate  and  beautiful  crystals  of  specular  iron,  deposited  in  such  a  manx^er 
as  to  leave  no  4oubt  of  its  having  been  sublimed  from  the  seat  of  igne^^ 
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ition  beneath,  it  is  l-elated,  by  Italian  authors,  that  at  the  time  of  the 
uption  by  which  Torre  de  PAnnunziata  was  overwhelmed,  numerous  well- 
jfined  crystals  of  this  substance  were  gathered  from  the  walls  and  doors 
'  the  convent. 

We  consider  that  the  evidence  is  sufficient,  as  shown  in  the  preceding 
iges,  to  prove  that  the  slates  and  quartzose  rocks  of  the  azoic  period  were 
iginally  deposited  from  water,  and  that,  since  their  deposition,  they  have 
idergone  great  changes  in  their  structure.  These  belts,  we  have  also 
own,  alternate  throughout  the  iron  region  with  undoubted  igneous  pro- 
icts,  which,  in  all  probability,  were  poured  out  during  the  accumulation 
'  the  seditnentary  deposits,  in  lava-like  sheets,  over  the  bottom  of  the  sea. 
itercalated  among  these  mixed  products,  we  find  the  immense  masses  of 
«,  and  to  one  or  the  other  of  these  classes,  we  have  no  alternative  but  to 
fer  their  origin. 

In  many  districts,  there  is  an  intimate  association  between  the  iron  masses 
id  the  trappean,  porphyritic  and  serpentine  rocks.  The  Iron  mountain  of 
issouri  occurs  in  connection  with  porphyry,  without  any  vestiges  of  meta- 
orphic  rocks ;  at  Blagodat,  upright  masses,  with  metallic  surfaces,  are 
en  to  rise  out  of  the  augitic  porphyry ;  at  Monte  Calamita,  Elba,  the  iron 
ass  has  uplifted  and  metamorphosed  the  incumbent  strata ;  while,  in  the 
ike  Superior  region,  the  trappean  rocks  very  often,  but  not  invariably,  occur 
close  proximity  to  the  great  deposits  of  ore.  On  the  other  hand,  the  ores 
Danemora  are  associated  with  metamorphic  products,  and  the  same  is  true, 
some  extent,  of  the  specular  ores  of  New  York,  Canada  and  Massachusetts. 
Were  the  trappean  rocks  found  to  be  an  invariable  accompaniment  of  these 
;posits,  there  would  be  little  hesitancy  in  assigning  to  all  of  them  a  purely 
uptive  origin ;  but  when  we  find  them  under  the  form  of  beds,  in  clearly 
etamorphic  strata,  having  a  common  bearing  and  inclination,  we  are  dis* 
«ed  to  regard  them  as  having  been  derived  from  the  destruction  of  pre- 
ously-formed  igneous  masses,  and  their  present  association  to  have  resulted 
)m  aqueous  deposition. 

The  azoic  period  having  been  one  of  long  continued  and  violent  mechan- 
il  action,  there  is  no  reason  to  doubt  that  many  of  the  strata  of  which  it 
composed  may  have  been  derived  from  the  rums  of  previously  formed 
cks  of  the  same  age,  both  sedimentary  and  ijrneous.  This  is  clearly  sho'wn 
be  the  case  in  the  remarkable  knob  of  conglomerate,  described  on  page 
I,  which  contains  rounded  fragments  of  the  various  kinds  of  ore  found  in 
e  adjacent  region. 

These  ores  in  many  districts,  assume  a  banded  structure.  This  is  the  case 
the  Lake  Superior  region,  where  we  frequently  find  them  interlaminated 
ith  jasper,  chert,  quartz  and  talcose  slate.  At  tlie  Pilot  knob,  in  Missouri, 
ey  become  lamellar  as  they  increase  in  purity ;  at  the  Sanford  bed  in 
e  Adirondack,  the  same  structure  is  displayed :  and,  at  Nijny  Tagilsk, 
ey  resemble  a  rudely  stratified  mass. 

At  first  glance,  this  banded  structure  might  be  regarded  by  some  as  the 
suit  of  aqueous  deposition,  by  which  alternate  seams  of  quartzose  and  ferru- 
nous  matter  were  spread  over  each  other,  and  the  whole  subsequently  solidi- 
id  and  welded  together  by  heat ;  but,  if  we  examine  the  circumstances  more 
osely,  it  will  be  found  more  difficult  to  accoimt  for  all  of  the  facts,  under 
is  hypothesis,  than  might  at  first  appear.  The  extreme  tenuity  of  these 
Olds,  which  are  often  no  thicker  than  a  sheet  of  paper,  renders  this  supposl- 
»n  of  their  analogy  to  strata  highly  improbable.    In  fect.^  ^\a  \W5A^\ 


[4] 


68 


structure  in  many  of  the  Lake  Supenor  ores — for  example,  at  the  Clevelaiid 
iron  knob,  will  be  hardly  apparent  to  the  eye,  on  fresh  fracture  of  a  speci- 
men, the  weathered  surface  of  which  may  present  a  beautiful  series  of  intri- 
cate convolutions  of  alternate  bands  of  bright-red  and  steel-grey.  Besides, 
ji  examining  this  mountain  mass,  we  find  every  portion  exhibiting  equally 
fine  and  equally  contorted  series  of  convolutions.  If  these  were  really  the 
result  of  aqueous  deposition,  we  should  expect,  from  analogy  with  other  de 
posits  of  a  similar  character,  that  some  of  the  layers  would  be  of  more  con- 
siderable thickness  than  others ;  and  that,  supposing  the  contortions  to  have 
been  caused  by  lateral  pressure  of  the  plastic  mass,  in  some  cases,  at  least, 
the  foldings  would  exhibit  a  considerable  radius  of  curvature,  which  is  not 
the  case  here. 

We  know  of  no  theory  which  affords  so  probable  an  explanation  of  this 
structure,  as  that  by  which  the  action  of  seggregating  forces  is  brought 
into  play.  An  analogous  phenomenon  may  be  seen  both  in  the  igneous  and 
aqueous  rocks  of  Keweenaw  Point.  Thus,  (in  Part  I.,  p.  61),  we  have 
described  a  concretionary  structure  in  the  trappean  rocks,  resulting  from 
this  kind  of  action,  by  which  a  series  of  waving  and  differently  colored 
bands  have  been  formed.  To  a  similar  origin  must  be  ascribed  the  parallel 
bands  of  red  and  white,  with  which  the  sandstone  cliffs  on  the  southern 
side  of  this  point  are  ornamented,  the  direction  of  which  is  in  no  decree 
dependent  on  the  stratification.     (Part  I.,  p.  115,  and  PI.  XII.,  Fig.  1.) 

The  jasper  of  the  Porcupine  moimtains,  in  the  western  portion  of  the  dis- 
trict, exhibits  a  banded  structure  analogous  to  that  of  the  ores  in  question. 
The  flexures  are  exceedingly  intricate,  and  bear  no  marks  of  having  been 
the  result  of  original  stratification.  There  is  no  actual  line  of  separation 
between  the  lighter  and  darker  bands,  and  if  a  specimen  is  struck  with  a 
hammer,  it  is  found  that  it  no  more  easily  breaks  in  the  direction  of  these  bands 
than  across  them. 

On  the  whole,  we  are  disposed  to  regard  the  specular  and  magnetic 
oxide  of  iron  as  a  purely  igneous  product,  in  some  instances  poured  out, 
but  in  others  sublimed,  from  the  interior  of  the  earth.  The  supposition, 
entertained  by  some,  that  it  may  be  a  secondary  product,  resulting  from 
the  decomposition  of  the  pyritous  ores,  or  from  the  metamorphism  of  bog- 
iron,  is  inadequate  to  account  for  the  accumulation  of  such  mountain 
masses,  or  to  explain  its  relations  to  the  associated  rocks. 

Where  these  ores  occur  in  a  state  of  almost  absolute  purity,  in  the  form 
of  vast,  irregular  masses,  occupying  pieexisting  depressions ;  or,  where  the 
incumbent  strata  are  metamorphosed  and  foldea  over  them ;  or,  where  they 
are  traversed  by  long  lines  of  ferruginous  matter  in  the  form  of  dykes- 
there  can  be  little  doubt  that  these  ores  have  risen  up,  in  a  plastic  state, 
from  below. 

Where  they  are  found  impregnatmg  metamorphic  products,  such  as 
jasper,  homstone,  or  chert,  quartz,  chlorite  and  talcose  slate,  not  only 
interposed  between  the  laminae,  but  intimately  incorporated  with  the  mass, 
giving  it  a  banded  structure,  we  are  disposed  to  regard  it  as  the  result  of 
sublimation  from  the  interior. 

Where  they  are  included  in  metamorphic  strata,  in  the  form  of  beds, 
of  variable  width,  with  a  conformable  range  and  dip,  and  with  niinute  par- 
ticles of  the  associated  rock  mechanically  mixed  with  the  ore,  we  are  dis- 
posed to^  regard  them  as  the  result  of  aqueous  deposition,  although  the 
materials  may  have  been  derived  from  the  niins  of  purely  igneous  products. 
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We  may  conceive  that  the  various  rocks  of  the  azoic  series  were  originally 
deposited  in  a  nearly  horizontal  position,  at  a  period  prior  to  the  appearance 
of  organic  life  upon  the  earth :  that  these  stratified  deposits  were  composed, 
for  the  most  part,  of  finely  comminuted  materials,  principally  silicious  and 
argillaceous,  in  some  cases  consisting  of  almost  pure  silex,  like  the  purest 
portion  of  the  Potsdam  sandstone  which  was  afterwards  deposited  upon 
these  strata. 

Daring  the  deposition  of  these  strata,  at  various  intervals,  sheets  of  plastic 
mineral  matter  were  poured  forth  from  below,  and  spread  out  upon  the  sur- 
face of  the  preexisting  strata.  These  igneous  rocks  are  exceedingly  compact 
and  uniform  in  their  texture,  which  would  seem  to  indicate  that  they  were 
under  heavy  pressure,  probably  at  the  bottom  of  a  deep  ocean.  The  same 
depth  of  water  is  also  inferred  from  the  comparative  absence  of  ripple- 
marked  surfaces  throughout  the  whole  series. 

During  this  period,  the  interior  of  the  earth  was  the  source  of  constant 
emanations  of  iron,  which  appeared  at  the  surface  in  the  form  of  a  plastic 
mass  in  combination  with  oxygen,  or  rose  in  metallic  vapors,  or  as  a  sub- 
limate, perhaps  as  a  chloride ;  in  the  one  case,  it  covered  over  the  surface 
like  a  lava  sheet ;  in  the  other,  it  was  absorbed  into  the  adjacent  rocks,  or 
diffused  through  the  strata  in  the  process  of  formation.     Besides,  a  large 
amount  of  iron  entered  into  the  composition  of  the  igneous  rocks  of  this 
period,  chiefly  in  combination  with  silica,  as  a  silicate  of  the  protoxide. 
Portions  of  the  eruptive  masses  were  occasionally  subjected  to  denudation, 
and  the  ferruginous  particles  were,  under  the  action  of  violent  currents, 
spread  out  in  thin  beds,  or  swept  into  some  depression  of  the  surface,  form- 
ing a  lenticular  mass,  upon  which  the  strata  were  afterwards  accumulated. 
When  the  silicious  materials  had  become  impregnated  with  metallic  matter, 
which  may  have  been  scattered  more  or  less  uniformly  through  it,  a  rear- 
rangement of  the  silicious  and  ferruginous  particles  in  some  instances  took 
place,  under  the  action  of  segregating  forces,  by  which  the  whole  mass  as- 
sumed a  banded  structure. 

Subsequently,  the  whole  series  of  beds,  slaty,  quartzose,  ferruginous  and 
trappean,  were  elevated,  and,  in  all  probability,  folded,  perhaps  at  the  epoch 
of  the  elevation  of  the  granite  ranges  on  the  north  and  south  of  the  ferri- 
ferous belt  of  the  azoic  system* 
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CHAPTER  V. 

ECONOMIC  GEOLOGY  OF  THE  AZOIC  SERIES. 

Chemical  Examination  of  the  Iron  Ores. —  Method  of  Analysis  adopted,— 
Occurrence  of  foreign  Inipuritiejt  in  most  Ores,  and  their  Effect  on  the 
Quality  of  Iron, —  Methods  adopted  to  detect  these  Impurities, —  TAetV 
Absence  in  the  Lake  Superior  Ores, —  Analysis  of  Ores  from  various 
Localities  in  this  District, —  Remarks  on  the  Results, —  Metallurgy  of 
the  Iron  Ores, —  The  Catalan  Forge. —  The  Method  of  working  thm 
Ores, —  The  Tenacity  of  this  Iron, —  Cost  of  Production  of  a  Ton  of 
I'fon, —  Occurrence  of  other  Ores, —  Other  Economic  Materials, 

Before  entering  on  the  subject  proper  of  this  chapter,  we  shall  give  the 
results  of  the  analytical  investigation  of  the  ores  of  the  azoic  series,  since 
their  chemical  composition  is  the  first  thing  required  to  be  known,  before 
forming  an  opinion  of  their  economical  value. 

In  the  chemical  examination  of  the  ores  of  iron  which  occur  within  our 
district,  we  have  endeavored,  not  simply  to  make  our  researches  with  suffi- 
cient minuteness  to  be  able  to  give  the  percentage  of  metallic  iron  which 
they  contain,  but  also  to  ascertain  whether  those  foreign  and  accidental 
impurities,  which  usually  accompany  such  ores,  were  present.  This  is  an 
important  question,  since  the  quality  of  the  iron  manufactured  from  the  ore 
depends,  not  only  on  the  method  employed  in  the  fabrication,  and  the  skill 
with  which  the  metallurgic  processes  are  performed,  but  also  on  the  nature 
of  the  ore,  and  the  kind  and  amount  of  impurities  contained. 

In  general,  the  method  of  analysis  was  as  follows:  The  specimen  to  be 
analyzed  was  carefully  pulverized,  and  dried  at  a  temperature  from  110**  to 
120°  C.  In  this  way,  all  the  accidental  moisture  contained  in  the  sub- 
stance was  entirely  removed,  and  none  of  the  ores  examined  were  found  to 
lose  in  weight,  on  being  subjected  to  ignition,  after  having  been  thus  dried ; 
they  do  not,  therefore,  contain  any  water,  in  chemical  combination. 

The  dried  substance  was  then  transferred  to  a  bulb-tube,  and  its  weight 
being  ascertained  by  weighing  the  tube  before  and  after  the  introduction  of 
the  ore,  it  was  then  ignited  in  a  stream  of  dry  hydrogen  gas.  The  oxygen 
was  estimated  by  collecting  the  water  formed  in  a  chloride  of  calcium  tiioe, 
and  thus  weighing  it  directly,  or  ty  determining  the  loss  of  weight  of  the 
tube,  after  the  ignition.  The  latter  was  generally  the  method  adopted,  as, 
with  all  the  precautions  which  could  be  taken,  the  collecting  of  the  water  and 
weighing  it  directly  was  found  to  give  l^ss  accurate  results. 

The  substance,  after  the  reduction,  was  attacked  by  weak  chlorohydric 
acid,  which  dissolved  out  the  metallic  iron,  and  left  undissolved  the  earthy, 
silicious  portion  of  the  ore.  This  was  separated  by  filtration,  ignited  and 
weighed,  and  then,  either  fused  with  carbonate  of  soda  and  analyzed  as  a 
silicate,  or  qualitatively  determined  by  the  aid  of  the  blowpipe.  The 
filtered  solution  was  then  heated,  and  a  few  drops  of  nitric  acid  added  to 
peroxidize  the  iron,  which  was  then  precipitated  by  caustic  ammonia.  If 
the  precipitate  of  peroxide  of  iron  contained  alimiina,  it  was  separated  by. 
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treating  with  caustic  potash.  The  precipitate  of  iron  was  carefully  dried, 
ignited  in  a  current  of  air,  and  weighed  as  the  peroxide.  The  filtrate, 
from  which  the  precipitate  by  ammonia  had  been  separated,  was  evaporated 
to  dryness,  and  ignited  to  expel  the  ammoniacal  salts,  when  the  nature  of 
the  remaining  ingredients,  which  were  present,  if  at  all,  only  in  minute 
quantity,  could  be  determined.  These  were  generally  lime,  magnesia,  or 
manganese. 

In  this  way,  having  ascertained  with  accuracy  the  quantity  of  oxygen  and 
of  metallic  iron,  by  calculation  from  the  peroxide  obtained,  it  is  easy 
to  determine  the  state  of  oxidation  of  the  iron  in  the  ore,  —  that  is,  the 
relative  quantities  of  the  peroxide,  Fe^  O3,  and  of  the  magnetic  oxide, 
Fe  O  Fe.  +  O3. 

There  are,  however,  other  substances  which  very  commonly  occur  m 
small  quantities  in  ores  of  iron,  and  which  have  a  great  influence  on  the 
quality  of  the  iron  produced  from  them ;  but  these  must  be  sought  for  by 
a  special  examination,  and  their  presence  or  absence  thus  demonstrated. 
The  most  important  of  these  substances  are  phosphorus,  sulphur,  titanic 
acid  and  manganese ;  arsenic  and  copper  are  a  frequent  accompaniment  of 
these  ores,  but  generally  in  very  minute  quantity. 

The  influence  which  these  foreign  substances,  when  present  ii\  the  ore, 
have  upon  the  quality  of  the  iron  manufactured  from  it,  depends  principally 
upon  their  relative  quantity ;  but,  in  general,  it  may  be  said,  that  sulphur 
and  phosphorus  have  an  injurious  effect  on  the  iron,  if  the  ore  contain  any 
considerable  quantity  of  these  substances ;  a  certain  proportion  of  manganese, 
on  the  contrary,  is  generally  considered  to  increase  the  value  of  the  iron. 
It  is  generally  conceded,  that  the  best  steel  is  not  one  which  contains  nothing 
bnt  carbon  and  iron ;  but  that  those  varieties  which  unite  the  greatest  amount 
of  hardness  and  tenacity,  with  the  requisite  malleability  are  such  as  contain 
minute  portions  of  other  substances.  This  is  especially  true  of  silicium  and 
manganese ;  of  the  former,  the  best  steel  may  contain  as  much  as  .02  per 
cent.  Some  metallurgists  even  are  of  opinion  that  silicium  is  an  essential 
ingredient  of  good  steel. 

In  regard  to  pig-iron,  the  qualities  required  in  it  depend  on  whether  it  is 
to  be  manufactured  into  bar-iron,  or  used  for  castings.     In  the  former  case, 
the  amount  of  silicium  or  aluminium,  present  in  the  pig-iron,  may  easily  be 
sufficiently  reduced  by  puddling,  while  the  sulphur  and  phosphorus  are 
much  less  easily  got  rid  of.     For  the  manufacture  of  castings,  it  is  neces- 
sary that  the  iron  should  have  a  sufficient  decree  of  fluidity  when  melted, 
and  that  it  should  be  of  a  uniform  texture,  and   sufficiently  tenacious, 
when  cold.     Phosphorus  renders  the  pig-iron  fluid,  when  melted,  and  hard, 
but,  at  the  same  time,  brittle,  when  cold.     Sulphur  gives  a  porous  texture 
to  the  casting,  and  is  generally  injurious. 

The  best  methods  of  determining  the  presence  of  the  above-mentioned 
impurities  in  an  ore  of  iron,  is  as  follows : 

To  detect  sulphury  the  ore  should  be  pulverized,  and  treated  on  char- 
coal, with  three  times  its  volume  of  dry  carbonate  of  soda,  in  the  reducing 
flame  of  the  blowpipe.  The  fused  mass,  after  cooling,  is  then  removed 
from  the  charcoal  with  the  forceps,  and  laid  on  a  bright,  polished  surface 
of  silver,  and  moistened  with  water.  If  the  ore  is  perfectly  free  from 
sulphur  no  discoloration  of  the  surface  of  the  silver  will  be  perceived  on 
washing  off*  the  substance,  after  it  has  been  allowed  to  Tem'a\ii>i^oxi\\.\^\ 
%k7f  minutes.    If  a  trace  of  sulphur  were  present  m  l\iR  oie>\\.^oviJL^\3fe 
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indicated  by  a  broxm  stam  of  sulphuret  of  silver ;  if  the  Quantity  of  aul- 
phur  was  more  considerable,  the  stain  would  be  more  deeply  and  strongly 
colored.  Of  course,  the  absolute  freedom  of  the  carbonate  of  soda 
employed,  from  this  impurity,  must  be  ascertained  before  using  it  for  this 
purpose. 

The  presence  of  phosphorus  is  best  ascertained  in  the  following  manner: 

A  small  quantity  of  the  pulverized  ore  is  mixed  with  aboutfive  times  its 
volume  of  a  mixture  of  four  parts,  by  weight,  of  carbonate  of  soda,  and 
one  of  pure  silica,  and  the  whole  fused  in  the  oxidating  flame  of  the  blow- 
pipe, on  charcoal.  The  fused  bead  is  then  pulverized,  and  boiled  with 
water,  which  dissolves  the  excess  of  carbonate  of  soda,  and  the  greater 
)K)rtion  of  the  silicate  of  .soda,  as  well  as  the  phosphate  of  soda  formed  in 
the  operation,  if  phosphorus  was  present  in  the  substance.  The  alkaline 
solution  is  then  supersaturated  with  acetic  acid,  and  thoroughly  boiled,  to 
expel  all  the  carbonic  acid.  In  the  solution,  after  filtration,  a  small  piece 
of  nitrate  of  silver  is  placed,  when  the  presence  of  phosphorus  will  be 
indicated,  by  a  more  or  less  intensely  colored  precipitate  of  yellow  phos- 
phate of  silver  around  the  spot  where  the  nitrate  of  silver  gradually  dis- 
solves. 

The  presence  of  titanium  may  be  best  ascertained  by  the  blowpipe,  as 
follows  :  If  the  quantity  of  the  substance  is  considerable,  it  will  be  made 
evident  by  heating  a  small  portion  on  platina  wire  in  the  reducing  flame  of 
the  blowpipe  with  salt  of  phosphorus.  If  titanium  is  present,  the  bead 
will  acqmre  a  deep  brownish-red,  or  blood-red  color.  If  the  quantity  is 
very  minute,  not  over  one  per  cent.,  the  ore  must  be  heated  on  charcoal, 
and  after  a  thorough  reduction,  metallic  tin  must  be  added,  when  the  pres- 
ence of  titanium  will  be  indicated  by  the  light-yellow  color  of  tlie  bead. 
If  no  titanium  is  present,  the  bead  will  have  a  greenish  color. 

Manganese  is  almost  universally  present  in  ores  of  iron.  If  the  quantity 
of  this  metal  is  not  almost  infinitesimally  small,  its  presence  will  be  easily 
detected  on  fusing  a  portion  of  the  pulverized  ore  with  a  mixture  of  two 

Earts  of  carbonate  of  soda  and  one  of  nitrate  of  potash,  when  a  peculiar 
lue-green  color,  characteristic  of  manganese,  will  be  observed.  Although 
an  exceedingly  minute  proportion  of  the  metal  may  be  detected  in  this  way, 
there  may  be  so  slight  a  trace  of  it  present,  as  to  require  a  more  elaborate 
process  to  render  it  manifest.  In  this  case,  the  substance  must  be  dissolved 
m  chlorohydric  acid,  and  the  solution  carefully  neutralized  by  anunonia,  and 
the  oxide  of  iron  precipitated  by  succinate  of  ammonia ;  the  filtrate  is  then 
to  be  evaporated  to  dryness,  and  ignited  to  expel  the  ammoniacal  salts.  If 
there  is  the  minutest  trace  of  manganese  present  in  the  ore,  it  will  be  made 
manifest  by  fusing  the  substance  remaining  after  the  ignition  with  soda  and 
saltpetre. 

Arsenic  may  be  detected,  whether  it  be  present  in  large  or  small  quan- 
tities, in  the  following  manner: 

A  small  quantity  of  the  ore,  fifty  to  seventy-five  milligrammes,  is  to  be 
mixed  with  about  six  times  its  volume  of  a  mixture  of  equal  parts  of  soda 
and  saltpetre.  The  whole  is  then  heated  in  a  platina  spoon  and  the  fused 
mass  treated  with  boiling  water,  until  all  the  soluble  portion  is  taken  up. 
The  insoluble  portion  having  been  filtered  off,  the  liquid  is  evaporated  to 
dryness,  afler  adding  a  few  drops  of  sulphuric  acid.  The  dry  residuum  is 
then  to  be  pulverized  with  about  three  times  its  volume  of  oxalate  of  pot- 
ssb  and  a  httle  coal  dust,  and  the  mixture  heated  to  redness  in  a  glass 
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tube,  sealed  at  one  end,  and  drawn  out  to  a  small  size  at  the  other.  '  If  the 
smallest  trace  of  arsenic  was  present  in  the  ore,  a  ring  of  metallic  arsenic 
will  be  sublimed  and  deposit  itself  upon  the  inside  of  the  tube  in  brilliant 
crystals.  If  the  part  of  the  tube  be  then  cut  off  and  heated  in  the  blow- 
pipe flame,  the  odor  of  garlic  peculiar  to  the  arsenical  fumes  will  be  per- 
ceived. 

ANALYSIS   OF   ORES. 

1.  Ore  from  the  Jackson  Campany^s  Location — Tovmship  47,  Range  27, 
Section  1. —  This  is  a  massive,  light-colored  ore,  vnth  a  highly  crystalline 
structure,  in  which,  under  the  microscope,  numerous  planes  of  the  octohe- 
dron  may  be  seen.  It  is  a  mixture  of  the  granular  peroxide  and  the  mag- 
netic oxide,  as  will  be  seen  from  the  analysis  which  follows : 

.9267  gramme  gave,  by  reduction,  .273  loss,  oxygen,  .0268  insoluble, 
and  .90l2^peroxide  of  iron=  .63084  iron. 

Oxygen 29.46 

Iron 68.07 

Insoluble - 2.89 


100.42 


No  trace  of  manganese,  phosphorus  or  sulphur  was  detected.  The  insol** 
uble  portion  consisted  almost  entirely  of  pure  silica. 

2.  Slaty  Ore  from  the  Jackson  Company^ s  Location  —  Tovmship  47, 
Range  21 J  Section  1* — This  is  a  very  compact  variety  of  the  ore  of  this 
Company's  location,  and  is  somewhat  slaty  in  its  structure.  It  contains, 
here  and  there,  a  small  amy^daloidal  cavity,  with  a  nodule  of  quartz.  It 
is  divided  by  regular  joints,  like  the  slates  of  the  azoiii  system. 

The  analysis  shows  it  to  be  a  very  pure  ore,  being  mainly  the  peroxide, 
with  a  little  quartz  intermixed. 

The  results  are :  1.0275  grammes,  lost  .2990  by  reduction  with  hydro- 
en  :  gave  .0169  insoluble  residuum,  consisting  almost  entirely  of  silica : 

.0142  peroxide  of  iron  =  .70994  metallic  iron. 

Oxygen 29.09' 

Iron - - 69.09 

Insoluble - -       1.64 


{ 


99.82 


No  trace  of  sulphur,  or  phosphorus,  was  detected  in  the  specimen  ex- 
^itiined  ;  a  slight  trace  of  manganese  was  obtained. 

Both  the  specimens  from  this  location  show  af  high  degree  of  purity  and 
freedom  from  injurious  substances,  and  an  abundance  of  the  ore  may  be  ob- 
^ined  of  equal  purity  with  that  of  the  specimens  analyzed. 

3.  Analysis  of  the  very  compact  fine-grained  Ore  from  the  Marqtiette 
^^nmpany^s  Ore-bed — Tovmship  47,  Range  27,  Section  10. —  This  is  a  very 
^mpacl  and  pure  variety  of  ore,  the  body  of  which  is  fine-grained  perox- 
^e,  m  which  nmnerous  s^lall  crystals  of  the  magnetic  ox\d^  ^x^  ^\saKQci^<> 
ittted 
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1.7450  grammes  were  attacked  by  chlorohydric  acid.  The  solution  was 
effected  very  slowly,  although  the  substance  had  been  finely  pulverized. 
After  an  entire  attack  had  been  effected,  there  remained  only  .0032  of  inso- 
luble residuum ;  =  0.20  per  cent. 

The  filtrate  from  the  insoluble  portion  was  supersaturated  with  ammonia 
and  the  precipitate  of  the  peroxide  of  iron  filtered  off:  if,  weighed  1.7507 
=  1.2255  of  metallic  iron  =  70.32  per  cent. 

1.4357  grammes  reduced  by  hydrogen  lost  m  weight  .424  of  oxygen. 
=  29.53  per  cent. 

Iron 70.22 

Oxygen - 29.53 

Insoluble .20 

99.95     • 

Or,       Peroxide  of  iron 90.58 

Magnetic  Oxide r 9.17 

Silica .20 

99.95 

Thus  it  wuU  be  seeh  that  this  ore  approaches  very  nearly  to  a  chemicaiiy 
pure  mixture  of  nine-tenths  of  peroxide  and  one-tenth  of  magnetic  oxide. 
A  great  portion  of  the  knob  from  which  this  specimen  ^vas  taken  is  almost 
equally  free  from  all  foreign  ingredients. 

4*  Iron  Ore  from  the  north-west  Quarter  of  Section  10,  Township  47, 
Range  27. —  This  is  a  beautiful  variety  of  ore  of  great  purity,  Consisting 
of  a  fine-grained  mass,  having  a  slaty  structure,  and  being  somewhat  con« 
torted,  like  many  of  the  slates :  throughout  the  whole  mass  are  scattered 
innumerable  crystals  of  magnetic  iron,  hardly  more  than  one-fiftieth  of  an 
inch  in  diameter,  which  stand  out  in  relief  from  the  weathered  surface  of" 
the  specimens. 

I.  0.8213  gramme  left  .0094  residuum  oi  silicious  substance,  and  the 
remaining  solution  gave  =  .8174  of  peroxide  of  iron.     In  the  filtrate  a  _ 
trace  of  lime  and  magnesia  was  detected. 

IL  .9412  fframme  left  .0107  residuum,  which  equals  1.13  per  cent. : 
gave  .9393  ofperoxide  of  iron,  which  equals  99.79  per  cent. 

I.    *  II. 

Peroxide  of  iron 99.52 99.79 

Silicious  substance 1.14 1.13 

100.66  100.92 

I.  Gives  69.67  per  cent,  of  metallic  iron. 

II.  Gives  69.85  of  metallic  iron. 

The  ore  is  evidently  a  mixture  of  the  peroxide  with  the  magnetic  oxide^ 
AS  is  shown  by  the  results  of  the  analysis,  as  well  as  by  the  appearance  of 
the  substance  itself. 

7\vo  determinations  of  the  oxygen  were  made :  in  one,  .8213  grammes 
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lost  .2217  of  oxygen  ==  26.99  per  cent. ;  in  the  other,  .9412  grammes  loet 
.2558  of  oxygen  =  27.14  per  cent :  mean  of  the  two  27.06.  A  portion 
of  the  iron  is  therefore  in  combination  with  the  oxygen  and  the  silica,  as  a 
silicate  of  iron,  in  such  a  manner  as  not  to  be  reducible  by  hydrogen. 

Ore  from  the  Iron  Cascade — Township  47,  Range  26,  Sectional. — 
This  is  a  good  specimen  of  the  ore  occurring  at  this  locality  in  very  large 
quantity.  The  specimen  analyzed  was  taken  from  the  immediate  vicinity 
of  the  cascade,  where  the  water  pours  over  a  ledge  of  the  ore.  It  is  a  com- 
pact, fine-grained  mixture  of  quartz  and  specular  iron,  the  former  making 
up  from  30  to  40  per  cent,  of  the  whole. 

1.6138  grammes  of  the  finely  pulverized  substance,  digested  for  a  long 
time  with  chlorohydric  acid,  left  .5265  of  a  faintly  reddish  residuum,  =  32.63 
per  cent. ;  all  the  remaining  portion  of  the  substance  was  precipitated  on  the 
addition  of  ammonia,  there  being  not  a  trace  of  residuum  left,  on  evaporating 
and  igniting  the  filtrate ;  the  precipitate  of  peroxide  of  iron,  which  contained 
a  little  alumina,  weighed  1.0657. 

Peroxide  of  iron  -     66.03 

Insoluble 32.63 

Waterand  loss 1.34 


100.00 


No  trace  of  manganese,  or  sulphur  was  detected.     The  insoluble  portion 
was  analyzed  by  itself,  as  a  silicate,  by  fusion  with  carbonate  of  soda. 
It  contained : — 

Silica 95.85 

Peroxide  of  iron-r 2.88 

Alumina,  lime,  and  magnesia 1.27 

100.00 

The  whole  quantity  of  peroxide  of  iron  in  the  substance  is  66.96  per  cent., 
vrhich  gives  46.87  per  cent,  of  metallic  iron.  The  ore  is  mainly  a  mixture 
of  silica  with  peroxide  of  iron,  with  a  little  insoluble  silicate  of  the  pro- 
toxide of  iron  and  alumina. 

Ore  from  the  Machi-gamig  —  Township  46,  Range  29,  Section  6.—  This 
is  a  beautiful  specular  ore,  but  contains  nearly  half  its  weight  of  silicious 
ludtter.     The  remainder  is  nearly  pure  peroxide  of  iron. 

0.5978  gramme  lost  by  reduction  ^vith  hydrogen  .0894  of  oxygen  =  14.9o 
per  cent. :  left  insoluble  substance,  which  was  silica  with  a  little  alumina 
iinda  trace  of  iron,  .2805=:  46.92  per  cent.  ,  The  precipitate  of  peroxide 
of  iron  weighed  .3222  =  .2255  metallic  iron  =  37.73  per  cent. 

Iron 37.73 

Oxygen 14.95 

Silica 46.92 

Trace  of  lime  and  magnesia 

99.60 
This  ore  contains  a  trace  of  manganese. 


/ 
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Ort  ffwn,  north  Side  of  Section  4>  Township  43,  Range  31. — This 
ore  was  collected  by  Mr.  John  Burt.  Like  the  other  ores  of  this  portion 
of  the  region^  it  contains  a  large  amount  of  quartzose  matter  intermixed 
with  it. 

0.525  grammes  gave  .2208  insoluble  silicious  residuum,  ==  42.05  per 
cent. ;  the  precipitate  of  peroxide  of  iron  weighed  .3055,  =  58,09  per 
cent. 

Insoltible  silica - - 42.05 

I  Peroxide  of  iron 58.09 

^  100.14 

It  contains  about  forty-two  per  cent,  of  metallic  iron,  with  traces  of 
lime,  magnesia,  and  some  alumina.  It  contains,  also,  a  trace  of  manga- 
nese. 

Ore  from  Township  42,  Range  28,  south  on  line  between  Sections  28 
and  29,  thirteen  Chains.  — This  ore,  collected  by  Mr.  John  Burt,  is  a  quite 
pure  and  finely-granular  variety,  and  considerably  magnetic.  It  is  a 
remarkably  pure  and  valuable  ore. 

1.2801  grammes  left  .1297  insoluble  silica,  =  10.13  per  cen.t.  Another 
portion  of  the  same  specimen  gave  on  1.0775  grammes,  a  loss,  by  reduc- 
tion, of  .284t,  =  26.40  per  cent,  of  oxygen ;  .9750  peroxide  of  iron,  = 
.6825  metallic  iron,  =z:  63.34  per  cent. 

Iron 63.34 

Oxygen 26.40 

Insoluble  silica -  —     10.13 

99.87 

This  would  give —  % 

Magnetic  oxide------ 19.05 

Peroxide  of  iron 70.69 

Insoluble - 10.13 

99.87 

Another  specimen  from  the  same  locality,  also  collected  by  Mr.  Burt, 
was  analyzed.  It  differs,  in  external  appearance  from  the  last,  in  being 
less  fine-grained,  and  in  having  less  of  a  slaty  structure. 

.9265  gramme  gave  .2573  oxygen,  =  27.77  per  cent.,  and  left  .0398  of 
silica  unattached,  =  4.29  per  cent.     The  remainder  was  metallic  iron. 

• 

Oxygen ^ 27.77 

Iron  (by  loss) 67.94 

SiHca 4.29 


100.00 


This  specimen  contains  less  silica  than  the  former,  and  more  magnetic 
oxide,  as  is  also  evident  by  its  action  on  the  magnet.  It  is  a  very  excellent 
ore,  much  superior  to  the  larger  portion  of  ores  which  occur  in  its  neigh- 
horhoodf 
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Anaiysis  of  the  jaspery  Portion  of  the  Ore!  from  Township  47,  Rari^e 
27,  Section  10: — The  bands  of  jasper  and  pure  ore  are  so  finely  interlami- 
^xated,  and  have  so  little  continuity,  that  it  iff  diffif^ult  to  separate  the  more 
silicious  portion  from  that  in  which  the  peroxide  predominati  s.  On  sepa- 
rating the  former,  as  perfectly  as  possible  from  the  latter,  and  subjecting  it  to 
an  analysis,  it  was  found  to  contain  a  considerable  amount  of  iron. 

•4399  gramme  was  attacked  by  strong  chlorohydric  acid  and  repeatedly 
digested  with  it.  There  remained  a  large  quantity  of  insoluble  substance 
of  a  bright-red  color,  still  containing  a  portion  of  iron  which  could  not  be 
taken  up  by  boiling  with  strong  acid.  This  residuum  weighed  .308  gramme. 
In  the  solution,  ammonia  gave  a  precipitate  of  .154  peroxide  of  iron. 

Peroxide  of  iron,  dissolved  by  the  acid 33.4 

Insoluble  silica  and  iron .••--•.     66.9 


100.3 

The  insoluble  substance  was  fused  with  carbonate  of  soda,  and  was  found 
to  consist  of  silica^  colored  by  about  two  per  cent,  of  oxide  of  iron, 

SiUca--..... 98.3 

Peroxide  of  iron - - 1.7 


100  00 


The  substance  is  a  mixture  of  silica  colored  by  the  peroxide  of  iron,  and 
probably  some  silicate  of  the  protoxide,  with  free  or  uncombined  peroxide 
of  iron. 

From  the  above  analyses,  it  is  evident  that  the  purest  ores  occur  in  the 
northern  part  of  township  47,  range  27.  Here,  indeed,  the  specimens  ana- 
lyzed show  an  almost  absolute  purity  and  freedom  from  foreign  ingredients. 
The  principal  part  of  the  insoluble  matter  left  by  acting  on  the  ores  with 
acids,  is  silica ;  none  of  them  contain  more  than  a  very  minute  quantity  of 
alumina,  lime,  or  magnesia.  In  most  of  the  ores,  the  larger  portion,  by  far, 
of  the  iron  exists  in  the  state  of  peroxide,  though  nearly  all  contain  a  small 
per  centage  of  the  magnetic  oxide.  Generally,  the  si  ica  seems  to  be  me- 
chanically mixed  with  the  oxides  of  iron,  since  the  whole  of  the  oxygen  is 
obtained  by  reduction  in  hydrogen.  In  a  few  instances,  however,  from  one 
to  two  per  cent,  of  the  oxygen  is  in  combination  with  the  iron  and  silica,  ia 
the  form  of  an  irreducible  suicate. 

As  far  as  the  presence  of  injurious  substances,  such  as  sulphur,  phospho- 
rus and  afsenic,  is  concerned,  ,all  the  specimens  examined  are  entirely,  or 
Jraost  entirely,  free  from  them.  A  few  specimens  contain  traces  of  sulphur, 
^ut  not  in  sufficient  quantity  to  have  any  perceptible  effect  on  the  quality  of 
-he  iron  manufactured.  Manganese  is  present  only  in  the  most  minute  traces ; 
*i  fact,  it  can  only  be  detected  in  most  of  them,  by  the  most  delicate  and 
^^reful  examination. 

METALLUHGY  OF  THE  IRON  ORES. 

The  iron  ores  described  in  the  foregomg  pages  will  be  found  capable  of 
^troducing  a  soft,  malleable  iron.  With  proper  care  in  its  manufacture,  it 
ciQiay  be  converted  into  steel,  adapted  to  the  finer  varieties  of  cutkt'^.  TV^fc 
^exy  80  intimately  incorporated  with  the  iaasS|  wOU  aene  «&  ^  ^^os.^  «:Di^\^Dp^ 
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der  the  reduction  of  the  ores  easy,  particularly  where  the  fusion  takes  place 
in  the  furnace.  Ores  of  almost  any  degree  of  purity  can  be  obtained,  but 
the  richest  are,  by  no  means,  the  most  easily  reduced  in  the  blast  furnace. 

The  specular  ores  of  New  York  are  found  to  contain  more  or  less  bisul- 
phuret  of  iron  (iron  pyrites),  which  impairs  their  value,  as  it  is  not  wholly 
expelled  by  roasting.  In  some  instances,  too,  they  are  'associated  with 
titanium,  which  render  them  exceedingly  refractory  in  the  furnace.  Neither 
of  these  substances  have  we  been  able  to  detect,  in  sufficient  quantity  to  pro- 
duce any  perceptible  effect,  in  the  ores  of  Lake  Superior. 

Notwithstanding  the  immense  amount  of  iron  produced  in  Great  Britab, 
none  of  it,  with  the  exception  of  the  Ulverstone  charcoal  iron,  is  capable  of- 
conversion  into  the  finer  varieties  of  steel.   The  Swedish  hoop  L,  the  Indian 
wootz  and  the  Russia  irons  occupy  the  highest  rank. 

The  famous  Indian  wootz-ore  consists  of  maenetic  oxide  of  iron  united 
with  a  lar^e  proportion  of  quartz,  the  compound  consisting  of  42  silex,  and 
•58  magnetic  oxide  of  iron.  The  natives  pound  the  ore  and  winnow  away 
the  earthy  particles.  With  a, clay  furnace,  four  or  five  feet  high  —  the 
work  of  a  few  hours  —  and  with  a  blast  supplied  by  a  bellows  made  of  a 
goat  skin  with  a  bamboo  nozzle,  plied  by  the  hands,  for  three  or  four  hours, 
the  Hindoo  brings  out  his  bloom.  A  pound  or  two  of  this  iron  is  enclosed 
in  a  clay  crucible,  with  small  fragments  of  dry  wood,  the  whole  being  covered 
with  a  few  green  leaves.  The  orifice  is  then  closed  with  clay,  and  the 
crucibles  are  subjected  to  a  heat  for  about  two  hours,  in  a  blast  furnace, 
when  the  process  is  considered  to  be  complete.  In  this  rude  way  is  pro- 
duced a  steel,  eminently  adapted  to  the  purposes  of  fine  cutlery. 

For  the  reduction  of  these  ores,  the  several  companies  have  introduced 
the  Catalan  forge,  so  extensively  employed  in  the  Lake  Champlain  region 
of  New  York.  This  has  been  done  for  two  reasons :  first,  it  requires  a 
small  outlay  of  capital ;  and  second,  it  avoids  the  uncertainty  incident  to 
workmg  a  new  ore  with  success  in  a  blast  furnace.  Besides,  according  to 
Mr.  Alger,  who  has  had  a  large  amount  of  experience  in  the  iron  manufac- 
ture, these  ores  are  better  adapted  to  the  production  of  malleable,  than  of 
cast  iron.  They  do  not  so  readily  unite  with  carbon  to  produce  that  grey, 
soft  condition  which  is  found  in  the  superior  cast  iron  made  from  the  he- 
Miatitic  and  clay  iron  ores ;  and  they  require  much  greater  heat  for  their 
reduction  and  perfect  metallization.  An  inferior  article  of  pig-metal  will 
not  bear  transportation  to  a  remote  market,  whereas  a  superior  article  of 
bar-iron  may  be  profitably  sent  to  any  market  in  the  country. 

The  forges  are  represented  in .  plate  XXII,  which  is  copied  from  the 
American  Railroad  Journal,  for  September  1849,  illustrating  one  of  a 
series  of  valuable  articles  on  the  Iron  manufactures  of  the  Umted  States, 
by  Mr.  James  T.  Hodge. 

**  The  first  four  figures  represent  sections  in  different  directions  through 
the  simplest  form  of  the  bloomery.  Figures  5,  6,  and  7,  are  sections  illus- 
trating a  similar  fire,  supplied  with  an  arrangement  for  heating  the  blooms 
with  the  gases  of  the  escape-heat  returned  to  the  oven,  and  mixed  with  a 
current  of  atmospheric  air. 

Fig.  1,  is  a  front  elevation  of  a  common  bloomery  fire.  The  following 
letters  designate  its  several  parts  and  the  apparatus  connected  with  it,  a,  a, 
a, —  hot  air  pipes ;  6, —  one  of  two  bed  pipes ;  c, —  main  blast-pipe  from 
the  blowing  cylinders  ;  d, —  back  plate  of  the  fire ;  c, —  fire  plate ;  /*, — 
plate  through  which  the  cylinder  is  drained  pff ;  gy — bottom  plate  ot  the 
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fire ;  A,- — water-box  placed  under  the  fire  ;  t, —  small  pipe  for  letting  off 
the  waste  water  out  of  the  fire-box ;  y, —  water  tweer ;  A:, —  pipe  for  sup- 
plying cold  water  to  the  tweer ;  /, —  valve  for  shtitting  off  the  hot  air  from 
the  fire  ;  m, —  throttle  valve  for  regulating  the  supply  of  cold  air  to  the 
hot  blast-pipes. 

Fig.  2.  Side  elevation  of  the  same  ;  the  letters  corresponding  to  those  of 
figure  1.  Fig.  3,  Horizontal  section  of  the  same  on  the  level  of  the 
tweer.  Fig.  4.  Horizontal  section  on  a  level  with  the  bed  plates.  Fig. 
5.  Side  elevation  of  a  blo6mery  fire  with  an  oven  for  reheating  the  blooms. 
The  following  letters  represent  the  different  parts :  a, —  bloomery  fire ;  6, — 
bottom  of  heating  furnace,  on  which  the  cold  iron  is  charged ;  c, —  sand 
[learth ;  d, —  charging  door ;  c, —  wind  box ;  /, —  wrought  iron  blow-pipe ; 
3^, —  pipe  for  conveymg  hot  air  to  the  wind  chest ;  A, —  opening  through 
A^hich  the  hot  air  passes  to  feed  the  bloomery  fire  below ;  i,  t ,  t, —  hot  blast 
pipes  lying  horizontally  in  the  chimney ;  j, —  cast  iron  door  lined  with  fire 
jrick,  which  slips  up  and  down,  closing  in  front,  to  keep  out  the  cold  air. 

Fig.  6.  Horizontal  section  of  the  same,  on  a  level  with  the  blow-pipes 
ind  heating  oven.  Fiff.  7.  Front  elevation  of  the  same,  the  letters  6  and 
7  corresponding  with  those  in  5." 

In  these  bloomeries,  malleable  iron  may  be  obtained  from  the  ores  by  one 
iision ;  but  to  accomplish  this,  it  is  necessary  that  they  possess  a  great  pu- 
ity  and  melt  at  a  low  temperature.  Hence  only  the  hematites  and  the 
specular  and  magnetic  ores  are  adapted  to  this  kind  of  forge.  Although 
;here  is  but  one  fusion,  the  ores  undergo  two  successive  changes. 

1st.  The  dcoxydizement  and  reduction  of  the  metal  by  bringing  it  in  con- 
tact with  charcoal. 

2d.  The  melting  and  aggregation  of  the  metal  in  a  ball  fit  for  the 
jqueezer. 

The  follo^ving  is  the  method  of  treatment  pursued  in  the  reduction  of 
:hese  ores. 

The  ore  is  introduced  into  the  top  of  the  forge,  in  alternating  charges 
vith  charcoal,  in  a  state  of  great  mechanical  subdivision,  resembling  coarse 
land,  having  been  previously  calcined,  stamped  and  washed,  if  it  contain 
nuch  earthy  matter.  The  supply  of  fuel  is  maintained  in  the  first  stages  of 
he  process  so  as  to  keep  the  space  full  and  prevent  the  ore  from  collecting 
ogether.  Water  is  occasionally  sprinkled  over  the  surface,  which  prevents 
ke  fine  sittings  from  being  blown  away,  and  gives  increased  fusibility  to  the 
2oriae.  The  ore  falls  down  and  the  melted  iron  collects  in  a  mass  at  the 
ottom  of  the  hearth,  while  the  thin  slags  run  off  by  an  upper  overflow. 
'he  mass  is  removed  about  every  hour,  in  a  pasty  condition,  by  means  of 

powerfiil  pair  of  tongs  —  working  by  an  iron  wheel  on  a  railway  suspended 
rom  the  beams  above  —  which  seizes  it  firmly  and  conveys  it  to  an  anvil, 
/here  an  iron  lever,  called  a  squeezer,  working  up  and  down,  kneads  the 
•articles  of  iron,  together,  forcing  out  the  semi-fluid  cinders  and  fashioning 
lie  loup  for  the  rollers,  to  which  it  is  transferred.  "^ 

The  substitution  of  drawing  cylinders  in  the  place  of  trip-hammers  has 
preatly  facilitated  the  manufacture  of  bar  iroD.  It  accomplishes  in  a  few 
uinutes,  the  condensation  of  the  particles,  and  the  distribution  of  the  fibres, 
^hich  formerly  was  attained  only  after  repeated  heats  and  hammerings. 

In  cylinder  drawing,  one  workman  hfildls  the  loup  in  a  pair  of  tongs  and 
^sses  it  into  the  first  of  the  grooves ;  another  workman,  on  the  othfix  %vi^^ 
'«ceives  it  and  passes  it  back  to  the  first^  who  ^^asses  \t  VdXq  ^  ^^c^xl\  ^xA 
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imaller  set,  and  sp  on,  until  it  is  reduced  to  a  bar,  three  or  four  inches  broad 
and  two  in  thickness.  This  is  then  cut  by  powerful  shears,  into  short  lengths 
called  blooms,  which  are  afterwards  subjected  to  a  refining  process. 

So  great  is  the  dexterity  displayed  in  these  various*  processes,  and  so  ad- 
mirabk  the  adaptation  of  the  machinery,  that  the  rude  ball  as  it  comes  from 
the  forge,  is  converted  into  mill-bar  iron,  before  it  has  had  time  to  cool. 
The  whole  operation  is  accomplished  in  a  little  more  than  a  minute. 

The  bars  are  next  subjected  to  the  refining  process,  w^hich  consists  in  heat- 
ing them  in  the  oven  above  described,  and  bringing  them  to  a  welding  heat, 
which  is  accomplished  in  the  course  of  one  half  or  three  quarters  of  an  hour. 
Where  great  tenacity  is  required,  they  are  re-heated  and  rolled.  From  the 
oven,  they  are  passed  to  the  extension  rollers  where  they  are  fashioned  into 
the  required  form,  whether  round,  square,  oval,  or  rectangular. 

Tenacity  of  the  Lake.  Superior  Iron.  —  From  the  total  absence  of  foreign 
ingredients,  as  indicated  by  the  analysis,  it  would  be  inferred  that  these 
ores,  if  skilfully  wrought,  would  produce  an  iron  of  great  ductility  and 
tenacity.  In  the  summer  of  1849,  we  placed  two  samples  of  this  iron, 
selected,  without  any  great  care,  from  among  the  products  of  the  Jackson 
forge,  in  the  hands  of  Major  Wade,  of  the  Ordnance  department — ^whose 
ofHce  it  is  to  test  the  tenacity  of  the  guns  made  for  the  government — ^for 
the  purpose  of  experiment.     The  results  obtained  were  as  follows : 

Sample  No.  1,  7.550  density,  89582  lbs.  pressure  to  the  square  inch. 

Sample  No.  2, 7.768      «        72885    «  ''  « 

.  In  the  second  sample  there  was  a  slight  flaw  observed,  after  it  was 
parted,  which  would  account  for  its  inferior  tenacity.  These  results  give 
an  unparalleled  tenacity,  and  prove  the  high  value  of  this  iron. 

During  the  past  season,  however,  we  received  additional  samples,  made 
from  the  same  ore,  but  by  a  different  iron-master,  which  were  placed  in 
the  possession  of  Mr.  J.  T.  Ames,  for  experiment.  The  results  were  as 
follows : 

No.  1,  welded  three-ply,  56546  lbs.  pressure  to  the  square  inch. 
"    2,  welded  55017    "  "  « 

«    3,  without  welding,   58583    «  "  " 

The  second  set  of  experiments  proves  that  the  iron  experimented  on,  was 
of  a  very  ordinary  quality ;  and,  when  we  compare  its  tenacity  with  that 
before  tried,  it  is  very  evident  that  it  has  not  been  properly  fabricated. 
Nothing  is  more  uncertain  than  the  quality  of  iron,  however  good  the  ore, 
where  it  is  not  skilfully  and  systematically  wrought. 

To  show  the  comparative  quality  of  this  iron,  we  give  the  results  of  the 
numerous  experiments  of  Professor  Walter  R.  Johnson,  on  the  tenacity  of 
bar-iron,  from  localities,  both  at  home  and  abroad : 

Strength  in  Ibe. 
per  square  inch,  j 

Iron  from  Salisbury,  Ct.,  by  mean  of  40  trials 58009 

"        Sweden,  4    «     58184 

"        Centre  county,  Pa.,  15    "     58400 

"        Lancaster  county,  Pa.,  2    «     58661 

"        Mclntyre,  Essex  co.,  N.  Y.,  4    "     58912 

"        England,  (cable  bolt,  E.V.,)  6    ''     69105 

"        Russia,  6    «     76069 

To  which  we  add  the  tenacity  of  the  Carp-river  iron.  Lake  )  qq^qq 
Superior,  as  determined  by  Major  Wade-  ••-•». ^      vqx^ 
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Cast  of  Production. — ;The  following  estimatei  showing  the  cost  of  pro- 
ducing a  ton  of  iron,  in  the  Lake  Superior  district,  was  furnished  us  by  Mr. 
3^.  M.  Everett,  the  former  agent  of  the  Jackson  company.    It  will  proba- 
l)Iy  be  found  to  require  some  modification  x 

Digging  and  transporting  the  ore  to  the  forge,  twQ  tons  of  which  are 

required  to  produce  a  ton  of  blooms---- — - - $3  00 

Roasting  the  ore  (2  tons)  at  $1  00  per  ton 2  00 

200  bushels  of  charcoal  at  5c.  per  bushel 10  00 

Incidental :  2  bloomers  at  $2  75  per  day  each,    )      .  a  qa 

2  firemen  at      0  90        "        "J  ^  ^ 

Stocking  furnace  at  $1  15 1  15 

Costing,  at  that  rate,  per  ton - 6  74 

Cost  per  ton,  at  the  forge,  of  2400  lbs.  of  iron  in  blooms S21  74 

To  this  estimate  should  be  added  the  interest  on  the  capital,  say  $20,000, 
wear  and  tear  of  machinery,  expense  of  agency,  and  incidental  expenses. 

The  cost  of  transportation  to  the  lake  shore  (nine  miles)  is  $4  00  per  ton, 
to  Cleveland  $5  00,  thence  to  Pittsburgh  $2  00  =  $11  00. 

It  ought  to  be  added,  that  this  company  have  water-power  sufficient  to 
drive  eight  forges,  whereas  they  now  employ  but  two.  The  expenses  of 
agency  and  the  interest  on  the  capital  would  be  no  greater  if  the  whole 
power  were  employed.  Besides,  as  the  country  becomes  settled,  there  will 
DC  a  reduction  in  wages,  and  the  facilities  for  transportation  will  be  increased. 
It  now  costs  nearly  as  much  to  transport  a  ton  of  ore  nine  miles,  by  land,  as 
it  does  to  send  it  nine  hundred  by  water. 

The  nearest  proximity  of  these  ores  to  the  lake  shore,  as  we  have  before 
stated — for  example,  those  of  the  Iron  cascade^— is  about  twelve  miles ;  those 
of  the  Jackson  and  Cleveland  locations  are  a  little  farther  removed,  while 
those  on  the  borders  of  the  Machi-g&mlg  ai'e  thirty  miles — beine  about  equi- 
distant between  the  head  of  Keweenaw  bay  and  the  mouth  of  Carp  river ; 
but  the  outlet  at  the  latter  point  would  be  preferable.  Those  on  the  Me- 
nomonee  are  about  fifty  miles  distant  from  Bay  des  Noquets  on  Lake  Michi- 
gan, being  as  remote  from  that  point  as  the  beds  on  the  Machi-g^mig  and 
the  sources  of  the  Carp.  The  beds  of  a  similar  character,  in  Dr.  Owen's 
district,  on  the  waters  of  Bad  river,  opposite  La  Pointe,  explored  by  Mi*. 
Wliittlesey,  are  distant  from  the  lake  eighteen  and  twenty-two  miles. 

We  have  thus  endeavored  to  give  all  the  information  in  our  possession, 

with  regard  to  the  range  and  extent  of  these  ores,  the  relative  distances  of 

the  beds  from  navigable  water,  the  physical  features  of  the  country  which 

favor  or  impede  their  exploitation,  the  chemical  composition  of  the  ore,  the 

faest  method  of  working  them,  the  tenacity  of  the  manufactured  article,  and 

't: he  cost  of  production.     From  these  data,  businessmen  can  form  correct 

Cionclusions  whether  the  time  has  arrived  for  their  profitable  exploitation. 

^iothing  would  give  so  great  an  impetus  to  this  region,  or  tend  so  much  to 

^lie  rapid  development  of  its  resources,  as  the  opening  of  a  ship-canal  be- 

^^sreen  Lake  Superior  and  Lake  Huron.    It  is  emphatically  demanded  by  the 

^^xiining  interest ;  and  the  moment  it  is  done,  the  value  of  the  public  domain 

is  enhanced  ten-fold  beyond  the  cost  of  its  construction. 

Occurrence  of  other  Ore^.-— This  class  of  rocks,  over  many  portions  of 
^^lie  earth,  has  ieen  found  to  be  the  repository  of  the  rarer  and  more  valu- 

libte  m^tals;  sach  as  gold;  silrer^  tin;  &c,    fietw^^u  \\aa  ^\xtf:X  «sl\  ^^ 
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tlrai,  tLere  are  many  points  of  J*csemblahee ;  but  Sir  Roderick  Murchi^ii. 
has  shown,  that  the  impregnation  of  those  rocks  with  gold  took  place  at  a^ 
comparatively  recent  date,  as  recent  as  the  drift  epoch;  while,  in  this  district^ 
the  metallic  emanations  ceased  before  the  commencement  of  the  Silunaik 
epoch.    It  also  presents  many  analogies  with  Cornwall ;  but,  thus  far,  the- 
results  of  our  explorations  have  led  us  to  believe,  that,  aside  from  iron,  th& 
metallic  products  will  prove  of  little  value.    We  have  not  seen  a  single 
regular,  well-defined  vem  of  any  extent,  with  distinct  wall-rocks  and  gangues 
differing  from  the  enclosing  mass.     There  are  fissures  and  irregular  rents 
which  contain  metallic  products,  such  as  copper  and  iron  pyrites,  magnetic 
oxide  of  iron,  &c.;  but  they  differ  from  productive  lodes  in  their  want  of 
continuity  and  parallelism.     At  the  Pemenee  falls,  small  veins  of  ouartz, 
associated  with  brown  oxide  of  iron  are  seen  in  the  trappean  rocks,  having 
the  appearance  of  an  auriferous  gangue.    We  regret  that  the  specimens 
procured  by  us  in  1848,  were  forwarded  to  Washington  by  our  predecessor, 
without  analysis.   We  do  not  assert  that  the  rarer  metals  may  not  be  found; 
but,  thus  far,  all  of  the  explorations  south  of  the  trap  range  of  Keweenaw 
Point,  not  only  in  this  district,  but  in  the  Chippewa  district,  have  not  re- 
vealed their  existence. 

At  Presqu'isle,  there  is  a  vein  seen  by  the  lake  shore,  bearing  nearly  north 
and  south,  and  dipping  75®  to  the  east.  It  is  included  in  a  rock  which 
exhibits  some  traces  of  stratification,  and  may  be  likened  to  a  volcanic  sand. 
The  New  York  and  Lake  Superior  company,  a  few  years  ago,  sank  a  shaft 
upon  it  to  the  depth  of  forty-five  feet.  At  the  surface,  it  yielded  the 
sulphurets  of  copper  and  iron,  galena,  and  black  oxide  of  manganese,  enclosed 
in  a  matrix  of  chlorite,  calc-spar  and  quartz ;  but,  a  short  distance  below, 
the  more  valuable  metals  disappeared,  and  iron  pyrites  was  the  only  metallic 
product. 

Another  vein  was  observed  on  the  south-west  quarter  of  section  27, 
township  48,  range  26,  containing  copper  pyrites  in  a  gangue  of  quartz. 
It  was  explored  to  some  extent,  a  few  years  since,  by  the  rfew  York  and 
Michigan  company,  but  they  met  with  few  inducements  to  persevere. 

Narrow  seams  of  sulphuret  of  copper  are  also  seen  in  the  quartz  rocks, 
below  Carp  river. 

In  the  banks  of  a  small  stream  flowing  into  the  Machi-gamig,  about  ten 
miles  below  the  outlet  of  Machi-gummi,  galena  was  discovered  by  Mr. 
Crebbesa,  in  1846  ;  but  we  have  not  examined  the  locality,  and  have  no 
information  as  to  its  economical  value. 

On  the  Menomonee  river,  traces  of  the  sulphuret  of  copper  are  abun* 
dant ;  but  the  veins  are  not  concentrated.  At  the  upper  of  the  Twin  falls, 
there  are  seams  of  quartz,  included  in  chlorite  slate,  ^'hich  contain  traces 
of  this  ore.  Veins  were  also  obser\Td  at  the  foot  of  Little  Bekuenesec 
and  Sturgeon  falls. 


OTHER  ECONOMIC  MATEEtALS. 

Building  Materials. —  The  granite  of  the  Huron  islands  would  afford  a 
beautiful  and  durable  material  for  construction.  The  islands  are,  in  every 
respect,  accessible,  and  we  know  not  why  thev  may  not  soon  be  resorted  to 
for  the  purpose  of  procuring  blocks. 
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we  have  described  the  situation  of  these  islands  iind  the  character  of 
ycksy  in  Chapter  in.,  a  farther  notice  is  deemed  unnecessary. 
ofing  Slates. —  In  so  vast  a  bodj  of  slates  as  are  here  displayed,  it 

1  be  surprising  if  numerous  quarries  suitable  for  roofing  purposes  were 
Lscovered ;  but  on  the  surface  thev  have  been  so  acted  on  by  atmos- 

2  agencies,  that  it  is  difficult  to  aetermine  their  true, character.  By 
exposure,  they  lose  the  property  of  cleaving  into  laminae.  This  is  so 
mderstood  by  the  block-heWers  in  slate  quarries,  that  they  never  raise 
blocks  than  the  splitters  can  cleave  in  a  short  period  of  time.  A  frost 
Jly  restores  this  property,  but  repeated  freezings  and  thawings  destroy 
>gether.     The  beds  at  the  foot  of  little  Bekuenesec  falls,  and  near  the 

falls,  on  the  Menomonee  river,  will  probably  yield  unlimited  supplies^ 
atite  and  Serpentine. —  From  the  character  of  the  rocks,  beds  of  these 
ials  will  undoubtedly  be  found  in  CTcat  abundance,  but  we  are  unable 
[icate  any  localities  worthy  of  exploration.  The  beds  near  Sturgeon 
on  the  Menomonee,  afford  the  best  indications  of  any  that  have  fallen 
•  our  observation. 
re-stones. —  The  talcose  slates,  as  a  general  thing,  are  little  affected  by 

The  divisional  planes  intersect  them  in  such  a  manner  as  to  produce 
rial  blocks.  These  have  been  employed  in  the  construction  of  forges 
\  Jackson  works,  and  answer  a  good  purpose. 

Ties. —  Portions  of  these  slates  take  into  their  composition  minute  par- 
of  quartz,  forming  novaculite.  The  beds  at  L'Anse  afford  very  good 
itones,  but  they  are  too  coarse  to  produce  a  fine  edge  on  razors,  surgi- 
struments,  &c. 

e  novaculite,  however,  of  Carp  river,  is  superior  to  any  article  which 
Jlen  under  our  notice,  not  excepting  the  Arkansas,  Turtey,  or  Scotch 
,  for  producing  fineness  of  edge.  Engravers  will  find  these  hones 
;t  invaluable. 

e  coarser  materials  for  scythe-stones  are  abundantly  distributed. 
re-brick. —  The  light-drab  and  plumose  talc-slates,  described  as  occur- 
lear  Chippewa  island,  on  the  Menomonee  river,  if  ground  and  kneaded, 
I  make  an  admirable  article  of  fire-brick. 

ne. — The  marbles  described  as  occurring  in  the  vicinity  of  Carp 
and  the  Menomonee  river,  may  be  calcined  into  lime.  The  amount  of 
Bsia  which  enters  into  their  composition,  does  not  seem  to  impair  their 
;  but  the  lime  will  not  bear  the  addition  of  as  much  sand  as  an  article 
from  a  purer  limestone. 

lamental  Materials.  —  The  limestones  described  as  occurring  near 
river,  and  on  the  Machi-gamig  and  Menomonee,  afford  beautiful  mar- 

The  prevailing  color  is  light-pink,  traversed  by  veins  oi  seams  of 
red.  Others  are  blue  and  dove-colored,  beautifully  veined  They 
isceptible  of  a  fine  polish,  and  blocks  of  any  size  may  be  piocured. 
Eibles,  jambs,  and  vases,  they  would  rival,  in  beauty,  the  most  celc- 
i  foreign  products.  Employed  for  external  ornaments,  the  carved 
wrould  withstand  the  vicissitudes  of  our  variable  climate,  and  remain 
for  centuries.  These  rocks,  in  place,  exhibit  angular  surfaces,  which, 
all,  is  the  best  test  of  their  durability. 

igments  of  pure-white  saccharoidal  marble,  citable  for  statuary,  have 
foimd  upon  the  surface,  but  the  beds  from  which  they  were  derived 
not  been  discovered, 
ae  of  the  jaspers  might  be  employed  by  the  lax)\daT^ ,  fot  V\vfc  %\fisi&Kc 
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ornaments,  but  they  have  not  been  found  in  large  masses,  like  those  oi 
Ural. 

The  dark  and  close-gramed  basalts,  and  the  porphyries,  with  a  dark-g 
base  of  hornblende  and  bright-red  crystals  of  feldspar,  observed  on 
Menomonee,  if  wrought  into  vases  and  boxes,  would  rival  those  of  Eg 

Many  of  these  materials  will,  sooner  or  later,  be  employed  for  the 
poses  of  construction  and  ornament. 
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CHAPTER  VI. 

COMPOSITION  OF  THE  TRAPPEAN  ROCKS. 

The  Terms  Trap  and  Trappean  Rock  generic. —  Varieties  of  Rock  which 
have  been  included  under  that  JVdme. —  Their  Mineralogical  Composi" 
Hon. —  Importance  of  these  Rocks  in  our  District, —  Trappean  Rocks 
associated  with  the  Potsdam  Sandstone. —  Analyses. —  Probable  Analogy 
icith  Dolerite  and  Anamesite. —  Occurrence  of  them  in  Beds, —  Trap'^ 
pean  Rockf  of  the  Azoic  System, —  Analyses. —  General  Remarks. 

The  term  trap,  or  trappean  rock,  has  been  applied  in  so  general  a  man- 
ner, and  made  to  cover  such  an  extensive  group  of  mineral  compounds, 
difiTering  widely  from  each  other  in  their  external  characters  and  minera- 
logical composition,  that  great  confusion  has  arisen  in  the  designation  of  the 
igneous  rocks.  If  we  examine  more  closely  what  rocks  have  been  desig- 
nated under  the  name  of  trap,  and  endeavor  to  classify  them,  we  find  great 
difficulty,  inasmuch  as  our  knowledge  of  the  mineralogical  composition  of 
many  of  them  still  remains  in  an  imperfect  state ;  although  much  has  been 
done,  within  the  last  few  years,  to  throw  light  on  this  subject,  and 
numerous  chemists,  among  whom  we  might  especially  mention  Delesse, 
Durocher,  Abich,  G.  Rose,  Cordier,  and  Bergemann,  have  devoted  them- 
selves to  this  long  and  difficult  task.  It  is  with  the  intention  of  adding 
our  contribution  to  this  branch  of  geological  science,  that  we  have,  as  far 
as  our  time  permitted,  made  a  chemical  investigation  of  a  few  of  the 
varieties  of  the  igneous  rocks  of  our  district. 

Not  only  has  the  term  trap  been  applied  to  a  great  variety  of  rocks,  but 

that  of  greenstone  is  hardly  less  extensively  used,  both  in  this  country  and 

in  England,  as  well  as  on  the  continent.     However  much  confusion  the  use 

of  these  two  names  may  have  caused,  they  will  hardly  he  dropped,  at  least 

not  until  the  nature  of  our  igneous  rocks  shall  have  been  thoroughly  studied 

out,  so  that  they  can  be  arranged  under  systematic  and  fitting  names.     On 

the  continent,  we  find  that  by  far  the  larger  portion  of  the  igneous  rocks 

embraced  under  the  name  of  greenstone,  are  made  up  principally  of  labra- 

dorite  (or  oligoclase)  and  pyroxene,  in  addition  to  which  chlorite  is  often 

present.    To  this  variety  of  rock  the  name  of  diabase  is  given  by  continental 

geologists.    The  term  melaphyre,  which  includes  many  of  the  rocks  knoivii 

Ujider  the  name  of  trap,  is  denned  to  be  a  fine-grained  compound  of  labr^. 

^^^ite  and  titaniferous  magnetic  iron,  and  probably  pyroxene,  together  ^vith, 

^*i  many  instances,  carbonate  of  the  protoxide  of  iron  and  carbonate  of  lime. 

lr*he  absence  of  quartz,  as  an  essential  ingredient  of  these  rocks,  both  dia- 

t^^ise  and  melaphyre,  is  a  characteristic  and  important  point.     Under  the 

^5ime  of  basalt,  or  basaltic  trap,  are  included  dolerite,  a  crystalline  aggre- 

S^te  of  labradorite,  augite  and  titaniferous  iron ;  and  anamesite,  a  homogeneous 

^^d  very  fine-grained  mixture  of  the  same  minerals,  the  labradorite  gene- 

^^ly  predominating.    This  latter  term  includes  especially  the  rocks  of 

t^orthem  Europe  and  Iceland.     Basalt  proper  includes  the  rocks  which 

^^^mtain^  in  addition  to  labradorite  augite^  and  magnetic  iioxv,^  ^ti\^  ^\^^>dx^. 
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of  a  zeolitic  mineral,  which  gelatinizes  in  acids,  and  also,  in  manj  cases, 
olivine. 

In  England,  we  find  the  terms  greenstone  and  trap  used  indiscriminately 
to  indicate  rocks  mostly  of  a  fine-grained  and  compact  nature,  made  up 
chiefly  of  feldspar  and  hornblende; — no  distinction  being  made  between 
the  different  varieties  of  the  feldspar  family,  or  between  hornblende  and  ^ 
pyroxene,  or  augite.     In  fact,  we  have  only  two  great  classes  of  igneous:^ 
rocks  recognized;  —  granitic,  or  hypogene  rocks  as  they  are  sometimejsi^ 
called,  and  trappean  rocks ;  the  great  and  essential  distinction  between  thesfc?^ 
two  classes  being  the  presence  of  quartz,  as  a  distinct  ingredient  in  the 
granitic  rocks ;  while,  in  the  trappean,  the  silicious  matter  is  all  in  combina- 
tion with  the  bases  alumina,  lime,  protoxide  of  iron,  soda  and  potash,  form- 
ing minerals  of  the  feldspar  and  hornblende  families.     If  the  rock  has  a 
columnar  structure,  it  is  called  basalt,  without  regard  to  its  niineralogica/ 
composition. 

In  this  country,  the  same  confusion  has  prevailed,  and  all  the  dark-colored, 
fine-grained  igneous  rocks  have  been  called  greenstone,  trap,  or  greenstone- 
trap  mdiscriminately,  without  any  attempt  having  been  made  to  arrive  at 
a  knowledge  of  their  composition,  regard  being  chiefly  had  to  their  differ- 
ences of  external  form,  such  as  their  having  a  columnar,  or  amygdaloidal 
structure.  No  attempt  has  been  made,  as  tar  as  we  know,  to  separate,  or 
classify,  the  numerous  v«iricties  included  under  those  general  and  generic 
terms. 

We  find,  in  all  the  writings  of  American  geologists,  that  the  term  "  trap" 
is  used  in  a  generic  sense,  and  that  it  is  defined  to  be  a  rock  composed  of 
feldspar  and  hornblende  and  ;  we  are  not  aware  that  any  further  attempts 
have  been  made,  in  this  Country,  to  investigate  the  mineralogical  composition 
of  this  great  and  widely-extended  class  of  rocks. 

The  great  importance  of  the  trappean  rocks  in  our  district,  from  their  in- 
timate association  with  the  veins  of  copper  in  the  lower  Silurian,  and  their 
connection  with  the  deposits  of  iron  in  the  azoic  system,  has  made  it  incum- 
bent upon  us  to  devote  some  attention  to  their  mineralogical  composition ; 
and,  though  lack  of  time  has  rendered  it  impossible  for  us  to  carry  out  our 
researches  very  fully,  yet  we  trust  that,  having  made  a  beginning,  we  shall, 
ourselves,  at  some  future  time,  be  enabled  to  extend  our  labors  still  farther, 
or  that  the  attention  of  others  will  be  called  to  this  important  subject. 
T^e  mere  fact  that  we  find  the  veins  of  copper,  which  are  productive  and 
rich  in  metallic  contents  in  one  band  of  rock,  becoming  worthless  when 
passing  into  another,  is  suflBcient  proof  of  the  scientific  importance  and 
practical  value  of  such  an  investigation. 


TRAPPEAN   ROCKS   ASSOCIATED   WITH   THE   POTSDAM    SANDSTONE. 

We  hardly  find,  in  any  part  of  the  world,  so  great  a  variety  of  mineralo^ 
gical  composition  and  external  structure  among  the  trappean  rocks,  as  i^ 
exhibited  by  those  trappean  rocks  which  occur  in  the  sandstone  and  cono-lo-' 
merates  between  the  extremity  of  Keweenaw  Point  and  the  Montreal  river  ^ 
and  on  Isle  Royale. 

In  Part  I,  of  this  report,  we  have  given  some  account  of  the   different 
varieties  of  trappean  rocks  which  occur  in  the  copper-region,  particularly^ 
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»rence  to  their  external  characters^  and  we  now  proceed  to  the  dis- 
>f  their  mineralo^cal  and  chemical  composition.' 
rincipal  mineral  mgredients,  so  far  as  we  can  determine,  which  form 
rent  varieties  of  trappean  rocks  of  this  region,  are  labrador  feld- 
bradorite)  hornblende,  pyroxene,  magnetic  iron,  chlorite,  and  epi- 
^hese  minerals,  associated  in  ever-varying  proportions,  make  up  the 
iss  of  the  rocks,  while  the  less  widely  diffused  minerals  are  the 
especially  Laumonite,  quartz,  calc-spar  and  iron  pyrites, 
prevailing  characteristic  of  these  rocks  is,  that  the  mixture  of  the 
which  compose  them  is  so  intimate,  and  the  whole  mass  is  so  com- 

homogeneous  in  its  texture,  that  the  several  component  parts  can- 
icognized  by  the  eye,  unless  in  exceptional  cases,  and  of  course  it 
ibJe  to  isolate  and  analyze  each  by  itself.  In  such  a  case,  the  only 
rrive  at  a  knowledge  of  the  mineralogical  composition  of  the  roct 
lyze  it  as  a  whole,  and  endeavor  to  ascertain  by  calculation,  in . 
nnerthe  different  substances  are  grouped  together  into  mineral 
ds ;  or  if  minerals  which  are  soluble  in  acid,  are  combined  with 
ire  insoluble,  to  separate  them  in  this  way,  and  then  to  analyze 
)le  and  insoluble  portions. 

w  proceed  to  give  the  results  of  some  of  our  examinations  of  the 
homogeneoas  rocks,  after  which  we  will  describe  those  in  which 
aineral  compounds  can  be  recognized  by  the  eye,  and  then  compare 
ral  results  with  each  other. 

lity  of  the  Rocks  in  Acids, —  A  specimen  from  the  wall  of  Shaw's 
[sle  Royale,  was  finely  pulverized,  thoroughly  dried  at  110°  C,  and 

It  lost  on  3.203  grammes  .072  =  2.2  per  cent, 
ong  digestion,  at  a  temperature  of  about  80°  C,  with  nitric  acid 
gravity  1.12),  it  was  found  that  26.95  per  cent,  of  the  whole  was 
,  leaving  73.05  insoluble  matter  of  a  brick-red  color. 
>hydric  acid  dissolved  on  2.2993  grammes,  after  long  digestion,  at 
»  same  temperature  as  before,  .7803,  leaving  1.519  insoluble;  ot 
jble  portion  .5552  was  silica  separated  in  a  state  in  which  it  was 

by  carbonate  of  soda ;  making  for  the  soluble  portion,  including 
ated  silica,  58,09  per  cent.  Ttie  solution  was  tested  for  copper, 
ace  of  this  metal  was  found  ;  it  contained  a  very  considerable  pro- 
f  peroxide  of  iron. 

sis  of  Gree7istone  from  the  summit  of  the  cliffy  at  the  Cliff  Mine* 
)llowing  were  the  results  of  the  examination  of  the  greenstone  from 
ait  of  the  ridge  at  the  Cliff  mine.  This  is  a  crystalline  variety, 
^h,  and  breaking  with  an  uneven  fracture.  It  is  of  a  dark-greenish 
ry  compact  and  homogeneous  in  its  structure,  but,  when  examined 
microscope,  three  distinct  minerals  can  be  recognized ;  one  is  nearly 

or  slightly  tinged  with  green,  and  appears  to  be  feldspathic ;  the 
>f  a  dark-green  color,  and  resembles  chlorite,  while  the  third  is 
ly  pyroxene  or  hornblende.  Occasional  crystals  of  magnetic  iron 
d  can  be  made  evident  by  pulverizing  the  substance  and  applying 
let. 

ulverized  substance,  dried  at  100°  C,  lost,  by  ignition,  on  2.114 
,  .0374=^1.74  per  cent,  of  water;  chlorohydric  acid  (1.13  specific 

by  long  digestion,  at  a  temperature  near  boiling,  dissolved  21.17 


( 
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per  cent.,  leaving  78.83  of  silic^a  and  insoluble  substance.     Each  portion 
was  analyzed  by  itself,  and  the  results  were : 


Soluble. 

Silica 

Alumina 30.95 

Protoxide  of  iron 32.47 

Manganese trace 

Lime---- 9.36 

Magnesia  --. 15.98 

Soda 11.26 


Insoluble. 

.  64.58  (by  loss) 

.  11.67 

-  9.18 

-  trace 

-  4.57 
.  6.86 
.  3.14 


100.04 


100.00 


•  Analysis  as  a  whole : 

Silica 5050 

Alumina ^ -  15,43 

Protoxide  of  iron 13.79 

Lime ••-•  5.47 

'  Magnesia 8.62 

Soda 4.75 

Water 1.74 


Oxygen* 

26.08 
.  7.22 
3.06 
1.56 
3.34 
1.22 
1.55 


100.00 

Analysts  oj  a  Specimen  from  Rock  Harbor. — The  next  rock  of  which 
an  analysis  will  be  given,  is  a  very  fine-grained  and  homogeneous  substance, 
from  the  shaft  at  Rock  Harbor,  Isle  Royale,  about  fifteen  rods  north  of  the 
house  at  Ransom.  Like  the  preceding  ore,  it  appears  to  be  highly  unfa- 
vorable to  the  development  of  the  copper-bearing  veins. 

1.9444  grammes  of  the  finely-pulverized  and  dried  substance,  lost  by  ig- 
nition .0479=2.46  per  cent. 

The  analysis  of  the  dried  material  gave: 

Oxygen. 

Silica  -.- 47.97                       24.93 

Alumina 15.56                          7.28 

Protoxide  of  iron 12.41        2.75  1 

Lime 7.07        2.02  I         ^  ^q 

Magnesia 8.28        3.21  f        "^'^^ 

Soda 6.24        1,61  J 

Water 2.46                         2.18 

• 

99.99 

The  near  agreement  in  the  chemical  composition  of  these  two  rocks  will 
be  apparent. 

If  we  proceed  to  consider,  from  the  results  of  the  above  analysis,  what  is 
the  probable  mineralogical  composition  of  the  rock,  we  are  obliged  to  con- 
fess that  the  problem  is  not  an  easy  one.  In  the  first  place,  as  to  the  nature 
of  the  feldspathic  ingredient,  which  is  the  most  important  clue  to  this  ques- 
tion.    The  /eldspatinc  portion  of  the  trappean  rocks,  though  it  occurs  in 
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met  crystals,  at  various  localities  in  the  trappean  region,  both  on  ble 
^ale  and  Keweenaw  Point,  is  never  found  in  crystals  of  sufficiently  large 

to  allow  them  to  be  separated  from  the  rock  and  analyzed  by  themselves. 
s  is  unfortunate,  since,  at  the  present  time,  so  numerous  are  the  different 
eties  of  the  feldspathic  family,  that  it  is  impossible  to  recognize  and  difl- 
uish  them  without  a  chemical  analysis. 

s  far,  however,  as  the  feldspathic  ingredient  can  be  made  out,  from  an 
nination  of  those  rocks  on  Isle  Royale  and  Keweenaw  Point,  in  which 
e  is  a  porphyritic  structure,  and  separate  crystals  can  be  observed,  they 
»ar  to  have  the  crystalline  character  of  the  labradorite  variety.     They 

fuse  much  more  readily  before  the  blowpipe  than  orthoclase,  yielding 
ansparent,  colorless  and  blebby  glass.  The  results  of  the  analyses 
a  also  to  indicate,  from  the  nature  and  relative  quantity  of  the  protoxide 
!S,  lime  and  soda,  that  the  feldspathic  ingredient  is  labradorite. 
r,  therefore,  in  the  above  analyses  we  assume  that  all  the  alumin» 
»iigs  to  the  labradorite,  and  that  the  other  ingredient  is  cue  in  which 
nina  is  not  contained,  we  can  reckon  the  amount  of  oxygen  of  the  silica 

the  bases  (RO)  necessary  to  form  labradorite. 

n  the  first  analysis,  that  of  the  greenstone  from  the  Cliff-mine,  the 
gen  of  the  alumina  being  7.22,  if  we  deduct  the  double  of  that  amount 
1  the  silica,  and  one-third  from  the  protoxide  bases,  we  ha?e  remaining: 

Oxygen  of  silica 11.64 

*'         protoxide  bases -- 6.77 

* '         water - ---- 1 ,55 

.nd  in  the  other  rock,  from  Rock  Harbor,  we  have,  in  the  same  manner, 
aining: 

Oxygen  of  silica 10.37 

"         protoxide  bases 7.1 

"         water 2.18 

*he  results  of  these  analyses  correspond  pretty  nearly  with  that  of  the 
I  of  the  Feroe  islands,  by  Durocher.*  In  his  analysis,  after  deducting 
I  the  oxygen  of  the  silica  and  the  protoxide  bases  an  amount  corres- 
ling  with  that  of  the  alumina,  in  the  proper  proportion  to  form  labrado- 
there  remains : 

Oxygen  of  silica - 9.52 

"         protoxide  bases 7.36 

"         water 2.66 

urocher  considers  that  this  implies  the  existence  of  a  mineral  analogous 
liallage,  or  a  bisilicate  of  bases  with  one  atom  of  oxygen -f  hydrate  of 
;nesia.  In  fact,  if  we  deduct  from  the  protoxide  bases  an  amoimt  of 
gen  equal  to  that  of  the  water,  we  have  remaining  a  silicate,  in  which 
oxygen  of  the  silica  is  nearly  the  double  that  of  the  bases.  The  great 
culty  in  this  case  is  to  know  what  part  the  water  plavs  in  the  constitu- 
of  the  mineral.  As  far  as  our  researches  go,  all  the  trappean  rocks 
a  to  contain  from  two  to  three  per  cent,  of  water.  Recent  investiga- 
s,  however,  still  leave  it  doubtful  whether  this  water  belongs  to  the 
spathic  mineral,  or  whether  it  may  not  be  due  to  an  intermixture  of 

*  Annalea  dos  Mines,  Ser.  III.,  Yol.  19,  p.  647, 
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cWoritc  in  the  trappean  rock.  The  observations  of  Delesse  seem  to  prove 
that  water  is  constantly  present  in  the  feldspathic  portion  of  the  trappean 
rocks  analyzed  by  him.  This  is  a  point  on  which,  however,  we  can  give 
no  light,  as  we  have  not  been  able  to  isolate  and  analyze  the  feldspar  of 
any  of  our  trappean  rocks.  We  see,  however,  that  chlorite  is  abundant  in 
them,  and  a  portion,  at  least,  of  their  water  must  be  ascribed  to  its  pre- 
sence. In  this  case,  if  we  take  into  consideration  the  variable  composition 
of  the  homblendic  or  pyroxenic  portion  of  the  rock,  the  fact  that  a  part  of 
the  water  may  belong  to  the  feldspathic  portion,  and  that  the  iron  is  pro- 
bably partially  present  as  the  magnetic  oxide,  we  shall  see  that  the  difficul- 
ties in  the  way  of  arriving  at  a  complete  knowledge  of  the  mineralogical 
composition  of  these  rocks,  by  analysis  of  them  as  a  whole,  are  nearly 
insuperable. 

The  only  variety  of  trappean  rock  occurring  in  the  Keweenaw  Point 
range,  in  which  the  ingredients  are  distinctly  visible,  so  that  we  have  been 
able  to  make  out  its  composition,  we  find  to  be  made  up  of  a  light-red 
feldspathic  portion,  having  the  character  of  iabradorite,  of  a  dark-green 
foliated  mineral,  which  is  probably  pyroxene,  chlorite  and  magnetic  iron. 
This  variety  occurs  at  Lac  la  Belle,  and  it  graduates  imperceptibly  into  the 
common,  compact,  crystalline  greenstone,  in  which  the  separate  minerals 
are  no  longer  to  be  distinguished  by  the  eye.  This  we  consider  to  be  the 
most  probable  composition  of  the  dark,  crystalline  varieties  of  the  trappean 
rocks  on  Keweenaw  Point  and  Isle  Royale. 

We  have  also  on  Isle  Royale,  beds  of  a  porphyritic  rock,  intercalated 
among  the  crystalline  greenstones,  which  are  composed  essentially  of  a  felds- 
pathic ingredient,  which  is  probably  Iabradorite,  and  magnetic  iron ;  the 
feldspar  is  of  a  liffht-greenish  tinge,  and  occasionally  exhibits  metallic  reflec- 
tions ;  the  crystals,  are,  however,  very  minute. 

Both  on  Isle  Royale  and  west  of  Portage  lake,  epidote  becomes  a  predo- 
minant ingredient  of  the  trappean  rocks,  forming  beds  and  vein-like  masses 
in  it.  In  the  Porcupine  mountains  and  in  the  vicinity  of  Agogebic  lake,  we 
have  this  mineral  forming  masses  of  such  dimensions  that  it  must  be  regarded 
as  a  rock  :  it  is  often  amygdaloidal,  like  the  other  varieties  of  the  trappean 
rocks. 

The  presence  of  free  or  uncombined  silica  in  the  trappean  rocks,  except 
when  it  forms  a  part  of  the  vein-stones,  is  exceedingly  rare.  Where,  how- 
ever, the  trap  becomes  epidotic,  quartz  not  unfrequently  occurs,  filling  the 
amygdaloidal  cavities.  In  the  veins  of  the  Ontonagon  region,  where  epidote 
abounds,  both  as  part  of  the  rock-masses  and  in  the  veins,  quartz  forms  the 
predominating  gangue. 

The  zeolitic  minerals,  so  common  in  the  veins,  and  often  filling  the  amyg- 
daloidal cavities  of  the  trap,  do  not  appear  to  form  an  essential  ingredient  of 
the  compact  trappean  rocks.  None  of  them,  as  far  as  we  have  examined, 
when  acted  on  by  acids,  give  any  gelatinous  silica.  Carbonate  of  lime,  so 
common  in  the  veins  of  the  trap,  seems  to  be  rarely  present  in  the  compact 
trappean  rocks,  as  few  of  them  effervesce  with  acids.  From  the  same  rea- 
son, we  infer  the  almost  entire  absence  of  carbonate  of  iron. 

The  mineral  nepheline  is  not  found  in  any  of  these  rocks,  unless  it  be  in 
one  locality  on  Isle  Royale,  near  the  end  of  Blake's  Point,  where  the  mass 
is  made  up  of  a  fine-grained  mixture  of  magnetic  oxide  of  iron  and  a  light 
greenish-colored  material,  which  fuses  readily  before  the  blov/pipe,  and 
/«5^iziUe5i}epheline  in  lustre  and  general  appearance, 
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Olivine  is  entirely  wanting  in  all  these  rocks,  as  far  as  we  have  been  able 
to  ascertain. 

On  the  whole,  these  rocks  may,  in  all  probability,  be  classed  with  that 
member  of  the  trap  family,  in  which  arc  included  dolerite,  anamesite  and 
basalt.  Thi3  class  of  igneous  i)roducts  is  developed  on  a  grand  scale  in 
Iceland,  in  the  northern  part  of  Ireland,  and  in  Scotland.  On  the  Faroe 
islands  and  in  Iceland  they  have  been  poured  out  in  lava-sheets  of  great 
extent  and  regularity,  which,  like  those  of  Isle  Royale,  are  piled  upon  each 
other  in  numerous  strata-like  masses,  exhibiting  almost  the  appearance  of 
5ediraeatary  deposits. 

TRAPPEAN   ROCKS    OF   THE    AZOIC    SYSTEM. 

If  the  study  of  the  mineralogical  composition  of  the  trappean  rocks 
associated  with  the  Potsdam  sandstone  is  one  of  great  perplexity  and  diffi- 
culty, this  is  still  more  the  case  in  regard  to  the  igneous  rocks  which  occur 
in  connection  with  the  azoic  system.  So  numerous  are  the  varieties  of  these 
rocks,  and  so  limited  has  been  the  tirtie  that  we  have  been  able  to  bestow  on 
their  examination,  that  we  have  accomplished  but  little  towards  arriving  at 
a  knowledge  of  their  complex  and  obscure  mineralogical  character.  The 
first  thing  which  strikes  the  observer,  in  passing  over  the  intercalations  of 
igneous  rocks  among  the  azoic  slaty  and  quartzose  strata,  is  the  difficulty  of 
making  a  distinction  between  the  purely  igneous  and  metamorphic  rocks. 
The  passage  of  one  into  the  other,  especially  in  the  southern  portion  of  the 
district,  seems,  in  many  cases,  to  be  so  gradual,  and  their  general  appearance 
and  structure  is  so  much  alike,  that  it  is  often  difficult  to  say  where  one 
begins  and  the  other  ends ;  add  to  this,  the  very  great  physical  difficulties  in 
the  way  of  a  minute  exploration  of  the  almost  inaccessible  region  in  which 
they  occur,  difficulties  of  which  those  who  have  not  themselves  experienced 
them  can  form  but  a  faint  idea,  and  we  shall  not  be  considered  as  having 
leglected  to  do  all  in  our  power  to  throw  Hght  on  this  interesting  subject. 

The  igneous  products  which  are  associated  with  the  azoic  system  are,  so 
far  as  we  have  examined  them,  perfectly  compact  and  homogeneous.  They 
xre  entirely  destitute  of  the  amygdaloidal  structure  which  characterizes  the 
traps  described  as  occurring  in  connection  with  the  sandstone  and  conglome- 
rate of  Keweenaw  Point  and  Isle  Royale.  They  are,  likewise,  wantmg  in 
the  zeolitic  minerals  which  are  so  abundant  in  the  amygdaloidal  traps,  and 
are,  in  every  respect,  more  uniform  in  their  texture  and  appearance  than 
these.  In  general,  the  mixture  of  the  different  mineral  ingredients  of  which 
these  rocks  are  made  up  is  very  intimate,  and  we  have  never  seen  them 
assume  a  porphyritic  structure,  or  developed  in  crystals  of  sufficient  size  to 
be  separated  and  analyzed.  Thus  we  are  reduced  to  the  necessity  of  ana- 
lyzing the  rock  as  a  whole,  if  we  would  wish  to  obtain  any  more  satisfactory 
insight  into  its  real  composition. 

If  we  consider,  for  a  moment,  the  manner  in  which  these  igneous  masses 
must  have  been  formed,  and  the  circumstances  under  which  they  were 

?»oured  out  from  the  interior  of  the  earth,  we  cannot  expect  to  find  an  abso- 
ute  uniformity  of  texture  or  of  composition,  in  the  different  sheets  of  plastic 
matter,  which  were  spread  out  over  the  surface  at  different  periods  during 
the  same  geological  epoch ;  but  may  reasonably  expect  that,  during  the  con- 
tinuance of  the  same  general  causes,  the  igneous  products  will  be,  in  some 
4egree,  characterized  by  peculiarities  of  composition. 
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We  will  now  proceed  to  the  detail  of  the  results  of  the  exammation  of 
these  rocks ;  and  first,  we  will  take  up  the  trappean  rock  of  which  Presqu'isk 
is  composed. 

Analysis  of  the  Igneous  Rock  of  Pres^u^isle. —  A  peculiar  variety  of 
rock  occurs  at  Presqu'isle,  and  forms  the  prmcipal  portion  of  that  projection 
of  the  coast.  It  has  all  the  aspect  of  an  igneous,  or  eruptive  rocK.  Its 
color  is  a  deep-green,  almost  black,  and  it  is  apparently  homogeneous  in  its 
composition.  It  is  somewhat  columnar  in  its  structure,  resembline  some 
varieties  of  basalt.  It  is  all  readily  attracted  by  the  ma^et,  when  broken 
into  small  fragments,  but  no  distinct  particles  of  magnetic  iron  can  be  pe^ 
ceived  in  it.  Before  the  blowpipe,  it  hardly  undergoes  any  chance  when 
heated  in  the  platina  forceps ;  it  becomes  slightly  rounded  on  the  cages  and 
remains  magnetic. 

It  is  only  partially  soluble  in  strong  chlorohydric  acid,  after  long  digestion 
at  a  temperature  near  boiling.  It  contains  both  the  protoxide  and  peroxide 
of  iron.  A  portion  of  the  minerali  which  had  been  previously  ignited  in  t 
stream  of  carbonic  acid  eas,  lost  by  reduction  with  hydrogen  only  3.87  per 
cent.,  so  that  by  far  the  larger  portion  of  the  iron  is  in  a  state  of  combina- 
tion in  which  it  cannot  be  reduced  by  ignition  in  a  stream  of  hydrogen. 

The  analysis  gave : 

Silica 38.24 

Magnesia 14.83 

Alumina ' 1.48 

Lime 1.42 

Water 9.53 

Peroxide  and  protoxide  of  iron  and  a  little  soda 34.50 

100.00 

The  amount  of  iron,  as  found  by  the  analysis,  and  calculated  as  a  peroxide, 
is  34.59  per  cent.;  but,  on  testing  the  solution  of  the  mineral  in  chlorohydric 
acid,  attacked  in  an  atmosphere  of  carbonic  acid  gas,  it  was  found  that  both 
the  oxides  of  this  metal  were  present  in  it.  Want  of  time  rendered  it  im- 
possible for  us  to  complete  the  analysis. 

From  the  above  results,  it  appears  that  the  substance  is  essentially  a 
hydrous  silicate  of  magnesia  and  the  protoxide  and  peroxide  of  iron. 

This  rock  differs  in  its  external  character  and  chemical  composition  from 
any  occurring  elsewhere  in  our  district,  and  it  is  difficult  to  refer  it  to  any 
known  class  of  rocks ;  it  approaches  somewhat  nearly,  in  composition,  the 
mineral  Hisingerite. 

The  trappean  ridges  which  accompany  the  iron  of  the  azoic  slates  are  in- 
teresting and  important,  from  their  connection  with  the  valuable  deposits  of 
this  metal,  as  those  of  the  Silurian  with  the  copper.  An  examination  was 
made  of  the  rock  from  section  10,  township  47,  range  27,  as  a  good  sample 
of  the  kind  of  trappean  rock  most  nearly  connected  with  the  iron.  It  forms 
a  high  ridge,  just  south  of  the  great  ferriferous  band  extending  through  that 
section.  The  rock  is  of  a  light-green  color,  tough,  made  up  of  a  finely 
foliated  and  lamellar  hornblende,  with  a  small  proportion  of  a  feldspathic 
ingredient,  which  is  not  distinctly  to  be  made  out,  as  it  is  not  crystaUized, 
but  which  appears  to  have  the  lustre  and  degree  of  fusibility  of  labradorite. 
A  few  specks  of  iron  pyrites  are  scattered  through  the  rock ;  and  this  mine- 
ral  is  common  to  all  the  trappean  rocks  of  the  azoic  series.   'It  is  not  «asy 
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^de  whether  the  main  ingredient  of  the  rock  is  pyroxene,  or  hornblende, 

he  crystallization  is  too .  confused  to  allow  of  the  measurement  of  the 

vage  planes  ;  but,  as  far  as  can  be  judged  by  the  eye,  it  seems  to  be  hom- 

de  rather  than  pyroxene. 

Drtions  of  the  hornblendic  elehaent  of  the  rock  have  a  bright  grass-green 

r,  like  coccolite,  and  are  of  a  granular  texture. 

he  following  are  the  results  of  a  single  analysis  : 

Oxygen. 

Silica 46.31 24.06 

Alumina 11.14 551 

Protoxi4e  of  iron 21.69 4.82 

Lime 9.68 2.76 

Soda 6.91 1.78 

Water 4.44 

Magnesia trace 

100.17 

he  large  quantity  of  water  is  remarkable,  and  we  content  ourselves  with 
ng  the  fact,  without  attempting  to  go  into  the  discussion  of  the  part 
ih  it  plays  in  the  constitution  of  the  rock. 

we  neglect  the  water,  and  considering  the  feldspathic  element  as  labra- 
te,  deduct  from  the  oxygen  of  the  silica  and  the  protoxide  bases,  a  quan- 
corresponding  with  the  composition  of  this  mineral,  taking  all  the  alu- 
i  as  belonging  to  it,  we  shall  have  remaining  : 

15.64  oxygen  of  silica. 
7.63  oxygen  of  protoxide  bases. 

his  would  make  a  silicate,  in  which  the  oxygen  of  the  silica  was  the 
)le  of  that  of  the  bases  RO,  namely,  hornblende  or  pyroxene.  Thus,  the 
position  of  the  rock  would  be  a  mixture  of  labradorite  and  pyroxene, 
ither  with  water. 

he  above  analysis  may  be  taken  as  a  representation  of  the  rocks  accom- 
fins  the  iron  in  the  northern  portion  of  the  azoic  region ;  in  the  more 
heny  part  of  the  district,  along  the  course  of  the  Menomonee,  there 
1  to  be  two  classes  of  igneous  rocks  ;  one,  a  very  compact,  dark,  hom- 
dic  variety,  with  occasional  crystals  of  a  feldspathic  mineral,  probably 
ador,  interspersed  ;  and  the  other,  a  much  lighter-colored  rock,  and  in 
earance  mpre  resembling  the  granite  family. 

L  specimen  of  the  light-colored,  homogeneous  rock  from  the  Menomo- 
,  about  four  miles  below  Sturgeon  falls,  was  particularly  examined, 
iefore  the  blowpipe  it  fuses  readily  to  a  colorless,  transparent,  glass ;  it 
ery  incompletely  dissolved  in  chlorohydric  acid.    The  analysis  gave  : 

Silica- 54.54 

Alumina - - 21 .45 

Peroxide  of  iron 5.53 

Lime 8.40 

Soda--- 7.54 

Magnesia trace 

Water 2.54 

1Q0«QQ 
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This  is  very  nearly  the  composition  of  labradoritCj  so  that  it  would  seem 
to  be  a  massive  feldspathic  rock,  or  a  feldstein  of  the  Germans,  which  name 
has  been  adopted  into  the  English  language  by  Sedgwick,  and  called  by  him 
feldst(me» 

The  same  rock  occurs  along  the  Menomonee,  from  Sandy  portage  to  Big 
Bekuenesec  falls,  forming  cliffs  two  hundred  feet  high ;  it  occasioDall) 
takes  into  its  composition  a  little  of  a  light-greenish  mineral,  which  resem- 
bles serpentine,  or  talc,  in  appearance. 

There  are  some  rocks  in  the  same  region,  whether  purely  igneous  or  mel- 
amorphic,  it  is  difficult  to  say,  which  partake  somewhat  ot  the  nature  of 
serpentine,  though  we  have  not  recognized  any  perfectly  distinctly  marked 
specimens  of  this  substance.  A  passage  from  rocks  of  this  class  mto  horn- 
blende and  chlorite  slates  may  not  unfrequently  be  noticed.  Of  this  uncer- 
tain composition  is  the  rock  which  is  exposed  m  ledges  on  the  road  from  the 
Jackson  landing  to  the  Forge,  which  is  of  a  character  intermediate  between 
a  trappean  and  serpentine  rock. 

In  one  respect,  many  of  these  igneous  rocks  resemble  serpentine,  and  might, 
on  that  account,  be  considered  as  likely  to  contain  intermixed  portions  of 
that  mineral ;  this  is  the  large  percentage  of  water  which  they  are  found 
to  contain,  even  when  presenting  a  perfectly  fresh  and  undecomposed  ap- 
pearance. This  water  may,  however,  with  equal  probability,  be  referred  to 
the  presence  of  chlorite,  which  is  certainly  an  occasional  ingredient  of  these 
rocks,  although  by  no  means  as  frequent  as  in  the  traps  of  the  Silurian  series. 
There  is  evidently  a  gradual  passage  of  serpentine  and  steatite  into  hon- 
blende  rock,  and  they  all  occur  so  intermingled,  and  under  such  a  variety  of 
'form,  that  no  exact  hues  of  demarcation  can  here  be  drawn  between  them. 

On  the  whole,  as  far  as  our  researches  on  the  trappean  rocks  of  the  azoic 
series  will  justify  us  in  drawing  any  general  conclusions  as  to  their  place  in 
the  classification  of  these  igneous  products,  we  are  inclined  to  refer  them  to 
the  diorite  family,  though  the  feldspathic  element  is  certainly  not  in  all  cases 
albite,  which  is  generally  recognized  as  being  an  essential  ingredient  of  this 
class  of  rocks.  The  difficulty  of  determining  this  point,  however,  is  very 
great,  inasmuch  as  this  mineral  forms  comparatively  a  small  proportion  of 
the  mass,  and  exhibits  only  a  granular  structure. 

We  ought  to  advert  to  the  large  percentage  of  iron  which  all  these  rocks 
of  the  azoic  series  are  found  to  contain,  and  which  is  a  fact  important  in  its 
connexion  with  the  immense  deposits-of  the  oxides  of  this  metal  which  are 
associated  with  them.  This  iron  is  mostly  in  the  form  of  tlie  silicate  ofi  the 
protoxide,  in  the  purely  igneous  varieties:  when,  however,  they  pass  into 
slates,  or  assume  the  appearance  of  the  metamorphic  rocks,  the  iron  appears 
in  great  abundance  in  the  form  of  the  bisulphuret,  or  iron-pyrites. 
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CHAPTER  VII. 

MINERALOGY. 

'he  following  list,  arranged  alphabetically^  comprises  all  the  minerals 
ch  have  been  found  in  the  sandstone  and  conglomerate^  together  with  the 
dated  trappean  rocks  of  the  Lake  Superior  copper  region,  as  far  as  we 
3  been  able  to  determine.  We  have  also  included  the  few  minerals 
:h  occur  in  the  azoic  slates  and  the  associated  igneous  rocks. 
i^e  have  added,  under  the  head  of  each  mineral  substance,  such  informa- 
concerning  its  crystalline  form,  chemical  composition,  and  peculiarities 
ccurrence,  as  ma]^  be  of  interest  to  the  mineralojdst  and  practical  miner, 
intimate  connection  between  the  occurrence  of  valuable  ores  and  their 
ciated  gangues  need  not  to  be  insisted  on ;  and  it  is  evident  that  infor- 
ion  with  regard  to  the  veinstones  and  associated  minerals  of  the  copper- 
ring  rocks  forms  an  important  addition  to  the  geological  description  of 
region. 

fctinolite.  —  See  Hornblende. 
^gate>  —  See  Quartz. 
^biie.  —  See  Feldspar. 
\methyst.  —  See  Quartz. 

\nalcime.  —  This  mineral  has  been  found  in  several  localities,  in  beauti- 
^  crystallized  specimens.  The  crystals  are  all  trapezohedra :  they  are 
?r  transparent,  but  generally  nearly  opaque.  They  are  tmged  with 
ous  colors :  light  flesh-red,  by  suboxide  of  copper,  or  green,  by  car- 
ite  or  silicate  of  the  same  metal ;  the  crystals  which  contain  no  copper 
r  from  white  to  a  light-grey  or  reddish-white.  The  largest  crystals 
about  an  inch  in  diameter.  At  the  Copper  Falls  mine,  the  crystals  of 
cime  are  associated  with  calc-spar,  and  are  mfluenced  in  their  crystal- 
form  by  this  mineral  in  a  singular  manner;  A  mass  of  calc-spar,  for 
ince,  will  exhibit,  on  its  surface,  numerous  crystals  of  analcime,  of  each 
irhich,  however,  only  from  two  to  four  of  the  trapezohedral  faces  are 
>Ie.  On  cleaving  off  the  calc-spar  with  care,  it  will  be  seen  that  the 
cime  has  been  prolonged,  sometimes  for  an  inch  or  more,  between  the 
talline  planes  of  the  calc-spar,  being  compressed,  as  if  by  the  more 
erful  crystalline  force  of  the  latter  mineral,  into  four-sided  prisms,  on 
summits  of  which,  as  they  have  emerged  from  the  calc-spar,  the  trape- 
^al  faces  have  been  formed  with  their  usual  lustre  and  appearance. 
he  old  workings  of  the  Pittsburg  Company,  at  Copper  Harbor,  in  the 
glomerate,  this  mineral  was  found  in  abundance ;  in  fact,  it  formed  no 
►nsiderable  portion  of  the  gangue  of  the  vein.  The  crystals  were 
erally  colored  by  suboxide  of  copper,  and  associated  with  an  argil- 
lous  substance,  which  was  very  liable  to  crumble,  and  thus  destroy  the 
le  of  the  specimens.  At  Eagle  Harbor,  crystals  of  analcime  occur, 
ich  are  filled  with  a  fine  net- work  of  native  copper,  which  has  not,  how- 
r,  prevented  the  perfect  development  of  the  crystalline  faces. 
)ther  localities  of  this  mineral  are : — East  bank  of  Eagle  river ;  Lake 
)erior  company's  mine ;  Massachusetts  location. 

9paphyllite.  —  This  mineral  is  found  in  considerable  abundance,  and  in 
^  crystals,  at  several  locatities.    At  the  Cliff  mme,  Ibft  cry ^XaiXoA^  ^s^ 
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cimens  are  all  tabular,  the  faces  P  greatly  predominating  over  M.  Tbe 
planes  a^  are  developed  so  that  M  appears  only  as  a  small  quadrilateral 
plane.  The  crystals  are  from  one-eighth  to  one-fourth  of  an  inch  in 
diameter ;  they  are,  occasionally,  transparent  and  colorless.  At  the  North 
American  mine,  they  occur  in  abundance,  mostly  in  octohedra,  with  a 
square  base,  the  fece  P  being  entirely  wanting  on  most  of  the  specimens, 
and  when  it  occurs  it  is  very  small. 

At  the  former  locality  the  crystals  occur  in  connection  with  native  cop- 
per, in  small  cavities  in  the  masses,  and  separated  from  the  metal  by  a  thin 
band  of  silicious  matter. 

The  foliated  variety  fichthyophthalmite)  occurs  at  the  Prince  mine,  on 
the  north  shore  of  the  lake. 

Jishestus.  —  See  Hornblende. 

AtLgite.  —  See  Hornblende. 

Azurite.  —  See  Copper,  carbonate  of. 

Baryta^  Sulphate  of.  —  This  mineral  occurs  abundantly  m  the  conglome- 
rate, and  occasionally  forms  veins  of  considerable  magnitude.  The  finest 
crystallized  specimens  have  been  found  at  the  works  of  the  Mendenhall 
mining  company,  on  Mineral  creek.  The  ore  obtained  there  consisted  of 
calc-spar  and  sulphate  of  baryta  impregnated  with  sulphuret  of  copper. 
The  crystals  are  tabular  in  form,  and  colorless  and  transparent :  they  occur 
implanted  on  the  gangue  and  are  very  abundant,  but  do  not  exceed  a  quar- 
ter of  an  inch  in  diameter.  Near  Agate  Harbor  the  cock's-comb  variety 
occurs  abundantly,  in  a  vein  in  the  conglomerate,  associated  with  calc-spar 
and  sulphuret  of  copper.  At  both  the  above-mentioned  localities  the  great 
weight  of  the  sulphate  of  baryta,  colored  deeply  by  from  eight  to  ten  per  cent, 
of  (ilack  sulphuret  of  copper,  led  to  the  erroneous  idea  that  the  ore  was 
very  rich  in  this  metal. 

JBlende. —  See  Zinc,  sulphuret  of. 

Calc-spar. — ^This  mineral  constitutes  an  essential  part  of  most  of  the 
veins,  both  in  the  sandstone  and  conglomerate,  as  well  as  in  the  trappean 
rocks ;  together  with  quartz  it  forms  the  almost  invariable  gangue  of  the 
copper,  and  it  also  occurs  by  itself  in  veins  of  great  width,  which  are  prin- 
cipally found  in  the  conglomerate.  Crystallized  specimens  occur  at  many  loca- 
lities.    A  few  of  the  more  interesting  forms  may  be  mentioned.     At  Copper 
Falls,  Eagle  Harbor,  Agate  Harbor,  the  Cliff  mine,  and  North  American  mbe, 
in  the  form  of  an  obtuse  rhombohedron,  cuboide  of  Hauy.   The  crystals  are 
oflen  filled  with  bright  spangles  of  native  copper.     At  the  old  workings  at 
Copper  Harbor,  hignly  modified  scalene-triangular  dodecahedra,  also  six- 
sided  prisms,  the  latter  of  small  size  but  perfectly  transparent  and  colorless. 
The  oolorless  crystals  were  implanted  on  the  massive  calcareous  spar  in  the 
vein,  and  evidently  formed  posteriorly  to  the  latter.     At  Agate  Harbor,  the 
dog-tooth  variety  was  found  in  the  greatest  abundance,  nearly  the  whole 
mass  of  the  vein  being  made  up  of  a  congeries  of  crystals  of  this  form  and 
of  a  light-bluish  color,  associated  with  cock's-comb  spar,  and,  generally^ 
colored  by  sulphuret  of  copper.     At  the  Mendenhall  company's  location^ 
beautiful  hemitropic  crystals  of  the  scalene-triangular  dodecahedron  wer^ 
foimd. 

At  Presqu'  isle,  an  abundance  of  finely-crystallized  specimens  was  throwf 

out  by  the  company  engaged  in  mining  at  that  place.    The  crystals  ar^ 

nearly  all  hexagonal  prisms  with  trihedral  summits,  some  of  which  are  an  inct^- 

io  diameter,  and  one  pr  two  inches  in  length.  They  "would  b^  verv  fine  cabi^-^ 
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speeimeiiSy  had  not  nearly  all  the  crystals  undergone  a  molecular  d^^nge 
a  depth  of  half  a  line^  which  has  rendered  them  dull  and  rough  upon  the 
face.  The  calc-spap  is  here  associated  with  galena,  and  is  posterior  to  this 
leral.  At  the  same  locality  handsome  dog-tooth  crystals  occur. 
It  Copper  Harbor,  in  the  black  oride  vein,  numerous  fine  crystallizations 
this  mineral  were  obtained.  They  were  mostly  six-sided  prisms,  with 
aerous  additional  planes,  and  scalene-triangular  dodecahedra. 
lamelian, — See  Quartz. 

^habasie. — Doubtful  if  found  in  the  Lake  Superior  region,  which  is  an 
resting  fact,  inasmuch  as  this  mineral  occurs  commonly  among  the  trap- 
n  rocl^  i6  numerous  localities. 

IhUyrastrolite. —  This  mineral  was  first  observed  by  Dr.  Locke,  on  the 
res  of  Isle  Royale,  and  afterwards  obtained  by  Mr.  J.  H.  Blake.  It  was 
lyzed,  and  described  as  a  new  mineral  by  Mr.  Whitney,  in  the  fifth  volume 
he  Boston  Natural  History  Society's  Journal.  The  name,  chlorastro- 
>  was  given  to  it  by  Dr.  C.  T.  Jackson,  in  allusion  to  its  greenish  color 
stellated  strnctxiTC* 

t  occurs  in  finely  radiated,  stellated  masses,  with  a  pearly  lustre,  and 
htiy  chatoyant  on  the  rounded  sides.     Hardness  5.5  to  6  :  specific  gra 
'  3.180 :  color  light  bluish-green.     Its  behaviour  before  the  blowpipe  is 
oUows : 

Q  the  open  tube  it  yields  water,  and  becomes  white, 
1  the  platina  forceps  it  fuses  with  great  facility  to  a  greyish,  blebby  glass, 
itumesces  and  swells  up  like  a  zeolite. 

oda  dissolves  it  in  smiall  quantity,  and  gives  a  bead  colored  by  a  trace  of 
iganese  :  if  more  of  the  assay  be  added,  it  swells  up  to  an  infusible  slag. 
t  is  dissolved  by  borax  readily,  and  in  considerable  quantity,  and  gives  a 
sparent  glass  colored  by  iron. 

ah  of  phosphorus  dissolves  it  in  small  quantity,  and  gives  the  reaction 
ron. 

Txth.  nitrate  of  cobalt  it  gives  a  beautiful  blue. 

t  is  readily  dissolved  by  chlorohydric  acid,  the  silica  being  entirely  sepa* 
d  in  the  form  of  a  flocW  precipitate. 
*he  analysis  of  two  specimens  gave : 

I.  II. 

Silica 36.99 37.41 

Alumina --.-25.49 24.25' 

Peroxide  of  iron - 6.48 6.26 

Lime 19.90... 21.68 

Soda 3.70 

Potash r.     .40 


4.88 


Water 7.22 5.77 


100.18  100.25 

The  ratio  of  the  oxygen  in  these  analyses  is  as  follows  : 

L  IL 

Oxygen — ratio.  Oxygen — ratio. 

Silica 19.22      3.00...- 19.43      3.00 

Alumina  &  oxide  of  iron  13.90      2.10 13.19      2.08 

l^ime,  soda  and  potash      6.5Q      1.01 7»4l      1.14 

Water 6.40      1.00 &.ia        H^ 
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Another  determination  of  the  water  was  made  on  a  third  specimen,  wkid 
gave  7.16  per  cent.,  showing  a  near  agreement  with  analysis  No.  I. 

The  ratio  of  the  oxygen  of  the  water,  protoxide  bases,  the  peroxide  bases 
and  the  silica,  is  nearly  1:1:2:3;  and  the  formula  is,  therefore : 

This  formula  is  that  of  meionite,  with  the  addition  of  three  atoms  ot 
water. 

The  calculated  percentage  of  the  mineral,  according  to  the  above  fo^ 
mula,  is  as  follows,  assuming  that  the  bases  R,  O,  are  represented  by  six- 
sevenths  of  alumina,  and  one-seventh  of  peroxide  of  iron,  and  the  bases 
R  O  by  lime  six-sevenths  and  soda  one-seventh  : 

Silica ^ 38.25 

Alumina  ----. 24.32 

Peroxide  of  iron • -  6.31 

Lime 19.97 

Soda - - 3.70 

Water 7.45 

100.00 

The  chlorastrolite  has  been  cut  and  polished  for  the  purpose  of  orna* 
mental  jewelry,  and  makes  a  very  pretty  gem.  The  best  specimens  are 
found  in  the  form  of  rounded  masses,  which  have  been  loosened  from  the 
trap,  and  worn  and  polished  by  the  water ;  they  are  most  abundant  on  the 
small  islands,  near  the  north-eastern  end  of  Isle  Royale.  This  mineral  is 
found  in  the  rock  at  Chippewa  harbor  :  the  largest  specimens  which  have 
been  found  are  about  an  inch  in  diameter. 

A  mineral  much  resembling  chlorastrolite  occurs,  on  Isle  Royale,  in  radia- 
ted epidote,  in  the  form  of  small  fibrous,  radiated  masses.  The  color  is  a 
light  bluish-green.  The  quantity  which  could  be  obtained  of  it  for  analy- 
sis was  so  small,  and  it  was  so  difficult  to  free  it  from  the  gangue,  that  tne 
following  analysis  can  only  be  regarded  as  an  approximation. 

Silica - 42.6 

Alumina  and  oxide  of  iron 31.2 

Lime-- 20.6 

Water 5.2 

99.6 

As  the  ratio  of  the  oxygen  of  the  silica,  alumina  and  oxide  of  iron,  lime 
and  water  are,  approximately,  3 :  2 :  1 :  1,  it  is  not  improbable  tha.t  the 
above  may  be  a  hydrous  epidote ;  which  supposition  is  rendered  more  pro- 
bable by  its  mode  of  occurrence,  in  fibrous  nodules  enclosed  in  radiated  and 
massive  epidote. 

Chlorite. —  This  mineral  occurs  abundantly  in  the  trappean  rocks,  and  is 
disseminated  through  them  in  fine  particles,  or  fills  the  amygdaloidal  canities 
of  the  rock.  It  is  very  commonly  found  covering  the  surface  of  the  amyg- 
dules  of  calcareous  spar,  interposed  between  the  latter  mineral  and  the  trap* 
It  is  also  a  constant  acx;ompanmient  of  the  veins,  especially  in  the  Ontonagon 


99.  [4] 

gion,  where  it  forms  a  larg6  part  of  the  gangue,  and  is  associated  with 
lartz.  It  occurs  in  large  masses  interposed  between  the  sandstone  and 
e  trap,  on  Keweenaw  Point  and  in  the  Porcupine  mountains.  At  the  mine 
the  Union  company,  a  bed  of  chlorite,  lying  between  the  trap  and  sand- 
me,  was  worked  for  copper,  which  was  interspersed  through  the  mass  ii? 
e  and  delicate  films,  and  which  most  frequently  occurred  lining  the  exte- 
r  surface  of  the  amygdules  of  calc-spar ;  these  were  scattered  through 
^  chloritic  mass. 

Chrysocolla. —  See  Copper,  silicate  of. 

Capper^  Jfative, —  This  metal  is  in  every  respect  the  most  interesting 
istance  found  in  connection  with  the  trappean  rocks  of  the  Lake  Superior 
[ion.  Its  wide  distribution,  and  mode  of  occurrence  in  them,  have  been 
eady  described  in  the  first  part  of  this  report,  and  it  will  only  be  neces- 
y  to  add  some  few  particulars  of  mineralogical  interest,  to  what  has 
eady  been  said  with  regard  to  this  metal. 

[n  addition  to  the  enormous  masses  which  occur  in  the  veins  of  this  region, 
cietimes  attaining  at  the  Cliff  mine  the  weight  of  several  hundred  tons,  a 
fat  variety  of  interesting  crystalline  forms  are  occasionally  found.  The 
st  interesting  localities  of  the  crystallized  copper  are  at  the  Copper  Falls, 
\  Cliff,  the  Phoenix  (formerly  Lake  Superior),  ami  the  Eagle  Harbor  mines. 
Unfortunately,  but  tew  good  crystals  have  come  into  our  possession,  as 
y  are  highly  valued  by  those  interested  in  the  mines,  and  of  course  diffi- 
t  to  be  obtained,  except"  by  those  residing  at  the  localities  where  they 
cur. 

The  finest  crystals  which  we  have  obtained  were  from  the  Cliff  mine, 
lere  they  are  frequently  thrown  out  with  the  gangue,  which  is  generally, 
lere  the  copper  occurs  crystallized^  drusy  quartz  associated  with  calcare- 
s  spar.  These  crystals  are  generally  tetrahexahedra ;  the  largest  which 
;  have  is  one-fourth  of  an  inch  in  diameter.  The  twenty-four-faced  figure 
formed  by  two  replacements  on  each  edge  of  the  cube  by  the  plane  IP, 
le  crystals,  however,  are  rarely  perfect,  being  almost  always  much  dis- 
ced ;  and,  often,  only  one  or  two  crystalline  planes  are  to  be  recognized  on 
I  extremity  of  a  shapeless,  elongated  mass.  We  have  seen,  from  the  Cliff 
d  Copper  Falls  mines,  octohedral  crystals,  some  of  which  were  nearly  an 
^h  in  diameter ;  cubical  crystals  also  occur  at  the  last  named  locality. 
An  abundance  of  dendritic,  or  arborescent  forms,  have  been  obtained  at  the 
igie  Harbor  and  Copper  Falls  mines,  but  their  planes  are  too  imperfect  to 
low  their  detailed  structure  to  be  made  out. 

A  beautiful  instance  of  the  crystalline  form  of  one  mineral  modifying  the 
rin  of  another,  crystallizing  within  it,  was  noticed  at  the  satne  locality, 
liere  the  compound  group  of  twin  crystals  lay  within  a  crystal  of  trans- 
rent  calc-spar,  and  the  individuals  of  which  had  assumed,  in  reference  to 
e  main  stem,  the  angle  of  the  rhombohedral  crystal  in  which  they  were 
closed. 

No  doubt,  as  these  mines  are  farther  opened,  an  abundance  of  interesting 
ms  will  be  developed.  Crystals  of  analcime  occur  at  Copper  Falls,  which 
*  completely  filled,  throughout  their  whole  interior,  with  delicate  ramifi- 
tions  of  metallic  copper,  so  that,  if  the  silicious  material  were  dissolved 
t,  the  form  of  the  crystal  would  still  be  recognized  by  the  mass  of  metallic 
tter  remaining. 

Coppery  black  oxide  of.  —  This  substance  was  found  in  large  quantities, 
ming  a  vein  in  the  conglomerate  at  Copper  Harbor.    Its  geological  posi-* 
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tion  has  been  described  in  a  previous  report.  This,  so  far  as  knoira,is 
the  only  instance  of  the  occurrence  of  this  substance  in  a  state  of  purity, 
and  forming  the  principal  mass  of  a  vein.  It  is  not  to  be  confounded  with 
the  substance  known  to  mineralogists  as  "  copper-black,"  which  is  a  pro- 
duct of  the  decomposition  of  other  ores,  and  a  mechanical  mixture  of  various 
hydrated  oxides,  especially  of  iron,  manganese  and  copper.  The  name  of 
Tenorite  has  been  given  to  the  oxide  of  copper  found  in  minute  hexagonal 
scales  on  the  lava  of  Vesuvius. 

As  we  were  present  at  Copper  Harbor  during  a  portion  of  the  time  while 
this  vein  was  being  worked  (in  1845),  we  had  a  good  opportunity  of  seeing 
the  real  nature  of  the  ores.  We  searched  all  the  masses  thrown  out,  at 
that  time,  for  crystallized  specimens  of  this  substance,  but  without  succeed- 
ing in  finding  any.  Mr.  J.  E.  Teschemacher  has,  however,  discovered  in 
the  masses,  mmed  after  that  time,  and  sent  down  to  Boston,  a  niunber  of 
crystals,  which  are  cubes  with  their  solid  angles  replaced.  The  question 
therefore  arises,  whether  this  is  really  a  dimorphous  substance.  Mr.  Tesche- 
macher has  suggested  that  tl;iese  crystals  may  originally  have  been  crystals 
of  red  oxide  of.  copper,  and  that  they  have  been  converted  into  the  black 
oxide  by  the  agency  of  heat. 

In  regard  to  this,  it  may  be  said,  that  crystallized  red  oxide  of  copper 
occurs  abundantly  in  the  same  vein,  but  that  the  crj'^tals  are  all  octohedral; 
moreover,  the  crystals  of  Cu*  O  occur  implanted  on  metallic  copper,  when, 
according  to  Mr.  Hayes's  views,  they  ought  to  have  undergone  the  greatest 
amoimt  of  heat,  and,  therefore,  to  have  been  converted  into  black  voxide. 

We  are  inclined,  in  every  point  of  view,  to  regard  the  whole  formation  of 
the  black  oxide  vein  as  one  which  occurred  in  the  humid,  rather  than  in  the 
dry  way,  and  see  no  sufficient  reason  to  suppose  the  cubic  crystals  of  CuO 
pseud  omorphs. 

Portions  of  the  black  oxide  of  copper  are  mingled  with  silicates  of  the 
oxide,  more  or  less  hydrous,  but  large  masses  were  obtained  of  almost  pure 
CuO.  Severa  1  analyses  of  the  black  oxide  have  been  made  by  us,  which  show 
the  presence  of  from  one  to  two  per  cent,  of  impurities,  mostly  silex,  lime, 
and  iron,  in  the  massive  varieties. 

The  following  is  a  mineralogical  description  of  this  remarkable  mineral : 

Substance  tesseral ;  crystallized  in  cubes  with  their  solid  angles  replaced ; 
generally  found  massive;  no  distinct  cleavage;  hardness,  about  3;  specific 
gravity,  6.25;  color,  steel-gray  to  black;  lustre,  sub-metallic  ;  the  earthy 
varieties  acquire  a  metallic  lustre  on  being  scratched  with  the  knife ;  opaque; 
chemical  composition. 

Copper 79.86 

Oxygen 20.14 


100.00 


Copper y  red  oxide  of.  —  This  substance  is  found  In  numerous  localities, 
but  rarely  in  very  fine  specimens.  The  best  were  obtauied  from  the  black 
oxide  vein  at  Copper  Harbor,  where  they  occurred  crystallized  in  octohedra, 
and  implanted  on  masses  of  native  copper.  A  few  very  fine  specimens  were 
obtained  here,  the  crystals  being  about  one-eighth  oi  an  inch  in  diameter, 
and  very  perfect. 

The  capillary  variety,  of  a  beautiful  cochineal-red,  was  observed  near 
the  surface  of  the  vein  of  the  Cliff  mine,  when  first  opened,  evideatly  a 
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yr  product.  Numerous  minerals  throughout  the  copper  region  are 
f  a  beautiful  red  tint  by  the  presence  of  the  substance. 
•,  carbonate  of, — The  green  carbonate  occurs  in  numerous  Idcali- 
only  in  very  small  and  unconspicuous  masses,  resulting  from  the 
meteoric  agencies  on  the  metallic  copper.  The  blue  carbonate  is 
er;  and  we  have,  in  fact,  only  noticed.it  in  minute  quantities  in  two 
ocalities.  The  green  carbonate  occurs  in  slender  fasiculated  fibres, 
rities  of  the  amygdaloid,  at  Copper  falls ;  azurite,  or  the  blue  car- 
is  found  in  small  quantities  at  the  Algonquin  location. 
%  phosphate  of. —  Occurs  at  Copper  Harbor,  forming  a  delicate 
ion  over  some  of  the  masses  of  the  black  oxide, 
'•j  silicate  of —  Chrysocolla,  or  the  hydrated  silicate  of  copper, 
ned  in  considerable  quantity  from  the  so  called  "  black  oxide  vem," 
Vilkins.  In  the  outer  belt  of  conglomerate  at  Copper  Harbor,  the 
n  was  made  up  principally  of  calcareous  spar  mixed  with,  and 
y,  silicate  of  copper.  This  vein,  projecting  into  the  lake,  was  long 
0  the  voyagers  as  "  the  green  rock."  The  silicate  was  occasion- 
e  pure,  and  of  a  fine  bluish-green  color,  but  more  frequently  mixed 
uginous  and  argillaceous  matter,  or,  sometimes,  with  the  black 

ise^  also  a  hydrated  silicate  of  copper,  but  containing  only  one-half 
ity  of  water  of  the  chrysocolla,  is  said  to  have  been  found  in  minute 
It  the  same  locality, 
r,  sulphuret  of  and  Copper  Pyrites. —  Copper  pyrites,  or  sul- 

iron  and  copper,  Cu^  S  +  Fcg  S3,  occurs  in  minute  particles,  occa- 
in  the  native  copper  mines.  In  the  southern  trap  range  on  Keweenaw 
B  sulphurets  of  copper  are  the  prevailing  ores,  and  are  found  in 
ble  quantity.  Copper  pyrites  occurs  at  Lac  la  Belle,  in  the  vein, 
ered  in  particles  through  the  rock  adjoining ;  but  the  greater  portion 
^talliferous  contents  of  the  lode  at  this  mine  are  the  vitreous  and  va- 
ores  (Cug  S  and  FeS  +2  Cu,  S).  They  are  not  crystallized,  as  far 
ire  observed.    The  sulphurets  of  copper  have  been  mined  also  at  the 

of  the  Suffolk  and  Mendenhall  companies.  In  the  latter  case,  the 
nainly  sulphate  of  baryta,  colored  by  sulphuret  of  copper.  The 
5  the  case  at  the  workings  of  the  New  York  and  Michigan  com- 
5  vein,  in  both  these  cases,  being  in  the  conglomerate.  In  the 
stem,  copper  pyrites  is  found  in  small  quantities  in  a  gangue  of 
rhich  forms  veins  traversing  the  slates.  On  the  north  shore  of  the 
sulphurets,especially  pyritous  copper,  have  been  extensively  worked 
•uce  mine,  and  the  rrince  vein. 

cal  copper  pyrites  occurs  at  the  Medora  mine  on  Keweenaw  Point, 
r,  vanadate  of  —  The  vanadate  of  copper  is  said,  by  Mr.  Tesche- 
to  have  been  found  at  the  Cliff  mine ;  we  have  been  unable  to  detect 
?nce  of  vanadium  in  any  of  the  specimens  which  we  have  found 
d  Mr.  Schlieper,  to  whom  Mr.  Teschemacher  referred  his  speci- 

examination,  was  not  able  to  satisfy  himself  of  the  existence  of 
a  in  them. 

lite. — No  mineral  occurring  in  this  region  affords  more  beautiful 
ndant  specimens  than  this.     The  principal  localities  are  on  Isle 
where  it  forms,  in  some  cases,  nearly  ihe  whole  gangue  of  the 
(earing  vein.    By  far  the  finest  locality  of  crystallized  ^i^m<ec&S& 
hip  65,  range  34^  section  10,  where  beautiful  gto\\\ia  oi   or^^XsiJa, 


[^1 


103 


some  of  which  were  half  an  inch  in  diameter,  were  obtained.  The  crystals 
are  implanted  on  massive  datholite,  which  is  translucent,  and  has  a  lustre 
inclining  to  resinous.  The  massive  variety  forms  nearly  the  whole  width  of 
the  vein,  being  enclosed  between  selvages  of  radiated  epidoto.  Most  of  the 
copper  in  the  vein  is  associated  with  the  epidote  near  the  walls.  The  cavi- 
ties in  the  massive  datholite  are  filled  with  crystallizations  of  the  same 
mineral.  On  these  crystals  are  occasionally  implanted  delicate  honey-yellow 
scalenohedra  of  calcareous  spar.  The  datholite  is  colorless,  except  in  the 
proximity  of  the  copper,  when  it  is  occasionally  tinged  of  a  pale-red  by  the 
suboxide  of  that  metal. 

We  have  thought  it  worth  while  to  make  an  analysis  of  the  massive 
variety  of  this  mineral,  the  results  of  which  show  that  it  is  equally  as  pure 
as  the  crystallized,  and  agree  well  with  those  required  by  the  formula. 

Silica 37.64 

Lime  - - 34.68 

Boracic  acid 21.88  by  loss. 

Manganese,  oxid*  of  --- trace 

Water --^ 5.80 


100.00 

Dioptastt.  -   S«e  Copper,  silicate  of. 

Dolomite  —  Forms  immense  beds  in  the  Niagara  limestone,  on  the  shores 
of  Lake  Michigan,  and  in  the  St.  Mary's  river.  The  interior  of  the  casts 
of  the  fossils  contained  in  it  are  lined  with  crystals  of  the  same  mineral. 

Epidote.  —  This  ♦mineral  is  mo3t  abundantly  distributed  through  the 
whole  trappean  range  of  Keweenaw  Point.  It  sometimes  even  forms,  of 
itself,  mountain  masses.  It  rarely,  however,  occurs  in  distinct  crystals,  so 
as  to  form  good  cabinet  specimens.  Some  of  the  radiated  specimens,  from 
the  Ontonagon  region,  where  it  occurs  in  quartz,  and  associated  with  cop- 
per^are  very  pretty.  Epidote  sometimes  colors  the  crystals  of  quartz,  with 
which  it  is  associated,  and  forms  very  pretty  specimens.  It  is  one  of  the 
most  common  attendants  of  the  native  copper. 

Feldspar.  —  The  only  variety  of  feldspar  which  occurs  in  distinct  crys- 
tals,  is  a  peculiar  reddish  variety  of  orthoclase,  which  is  found  in  some  ot 
the  veins,  implanted  on  quartz  or  copper.  It  occurs,  also,  in  fine  acicular 
crystallizations,  which  have  a  striking  resemblance  to  stilbite,  at  the  Cop 
per  Falls  mine,  where  it  is  associated,  in  the  vein,  with  calcareous  spar  and 
native  copper.  At  the  Douglass  Houghton  mine,  the  same  variety  occurs 
in  the  vein,  in  crystals  implanted  on  quartz.  An  analysis  of  the  indistinctly 
crystallized  mineral  from  Copper  Falls,  gave  the  following  result : 

Silica 05.88 


Alumina 17.3 

Oxide  of  iron .57 

Potash  and  soda 16.20byloss. 

100.00 

A  sufficient  quantity  of  the  substance  could  not  be  obtained  for  a  direct 

determination  of  the  alkalies,  but  the  above  results  agree  so  nearly  with 

the  composition  oi  orthoclase,  that  its  identity  with  that  mineral  cannot  be 

doubted.     This  is  an  anomalous  occurrence  oi  l\\\s  mtvetal^  and  one  which 
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icult  to  explain.  The  feldspar  is  evidently  posterior,  in  its  forma- 
th  to  the  copper  and  the  calcareous  spar,  and  must  be  considered 
an  undoubted  aqueous  product. 

idorite  is  the  prevailing  variety  of  the  feldspar  family  in  the  trap- 
cks  of  Keweenaw  Point  and  Isle  Royale :  it  is  generally  so  inter- 
dth  the  other  ingredients  of  the  rock  as  not  to  be  distinguished  by 
;  but,  in  the  porphyritic  belts  of  Isle  Royale,  it  occurs  in  distinct 

of  a  green  color. 

n  analysis  of  the  orthoclase  of  the  granite  of  the  azoic  region,  see 

pter  on  the  igneous  rocks.     In  the  same  chapter  will  be  found  an 

of  the  massive  labradorite,  or  feldstone,  of  the  azoic  series. 
)clase  forms  almost  the  entire  mass  of  extensive  ridges  in  the  gra- 
ith  of  the  azoic  slates,  through  the  whole  extent  of  our  district. 
'-spar. — ^The  only  localities  in  which  this  mineral  has  been  found  in 
•ict,  as  far  as  we  know,  are  at  Copper  Falls,  where  small  cubic  crystals 
tained,  which  hardly  exceeded  an  eighth  of  an  inch  in  diameter ;  and 
mile  above  Eagle  Harbor,  in  the  conglomerate.  On  the  north  side 
lake,  fine  specimens  have  been  obtained  at  Prince's  bay,  where  it 
in  cubical  crystals  of  a  green  color.  It  also  occurs  on  Fluor  island. 
\a.  —  At  Presqu'isle,  this  mineral  occurs  in  a  variety  of  crystalline 
amely,  the  cube,  the  octahedron,  the  octahedron  with  its  solid  angles 
,  and  the  dodecahedron.  Some  of  the  crystals  show  a  very  beauti- 
ndary  crystalline  action  induced  upon  the  faces  of  the  original  crys- 
lus,  the  sides  of  the  cubic  crystal  have  become,  apparenUy,  rough- 
the  surface,  as  if  a  coarse  file  had  been  drawn  across  them ;  but,  on 
tion  with  the  microscope,  it  will  be  seen  that  this  appearance  is  due 
rojection  from  the  surface  of  numerous  minute  facets  of  the.  octohe- 

which  the  solid  angles  project  beyond  the  surface.  In  other  in- 
the  whole  crystal  is  made  up  of  very  thin  plates,  laid  one  upon  the 
^treating  by  steps.  In  other  crystals,  the  whole  side  of  the  cubic 
is  made  up  of  the  minute  plates  of  which  the  edges  are  indented 
angular  notches,  showing  a  tendency  of  the  surface  of  the  original 
;o  develope  into  octohedral  forms.  Similar  phenomena  of  crystalli- 
lave  been  noticed  in  other  minerals,  especially  fluor-spar  and  salt. 
ety  of  quartz,  called  Babel  quartz,  presents  a  structure  similar  to  that 
d  by  some  of  the  crystals  of  galena  at  this  locality. 
zt. — ^In  the  mica  slates  of  the  southern  portion  of  the  district,  this 
occurs,  not  unfrequently,  but  the  specimens  are  of  little  interest. 
um — Occurs  in  small  quantity  in  the  Niagara  limestone  of  the  shore 
i  Michigan,  but  no  good  crystallizations  haye  been  found.  We 
in  specimens  said  to  be  from  St.  Martin's  island,  but  were  unable  to 

it  there;  at  the  time  of  our  visit,  the  deposit  was,  probably,  under 

Beds  of  plaster  are  marked  on  the  map  as  occurring  on  the  east 
'  Green  bay,  but  we  traversed  a  large  portion  of  that  coast,  without 
ng  in  discovering  this  valuable  mineral. 

wtame. —  A  single  specimen  of  this  mineral  is  said  by  Mr.  Tesche- 
to  have  been  found  on  Isle  Royale  by  Mr.  J.  H.  Blake.  The  most 
examination  has  failed  to  reveal  the  presence  of  this  mineral  to  us  in 
lorations  on  that  island,  or  on  Keweenaw  Point. 
indite. — This  mineral  is  said  to  have  been  found  on  the  north  shore 
ake,  but  we  are  not  aware  of  its  occurrence  in  our  district. 
blende. —  This  mineral  occurs  in  abundance  in  the  sUteis  ^lAli^Y^*^'^ 
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racks  of  the  azoic  system,  but  nowhere  developed  in  very  distinct  crystals. 
It  is  generally  of  a  deep-green  color,  almost  black,  sometimes  thinly  foliated, 
and  sometimes  asbestiform. 

Iron^  magnetic  oxide  of^  and  peroxide  of, —  The  nature  of  the  occurrence 
of  these  ores  has  already  been  discussed  at  length  in  the  geological  portion 
of  this  report,  so  that  it  will  not  be  necessary  to  enter  into  any  farther  pa^ 
ticulars  respecting  them.  The  specular  oxide  which  occurs  in  the  quartz 
veins  cutting  the  massive  beds  of  iron,  is  in  large  and  brilliant  plates,  and 
affords  very  pretty  specimens. 

Crystals  of  magnetic  oxide  occur  in  abundance  in  the  chloritic  slates, 
associated  with  the  azoic  rocks,  and  in  the  proximity  of  the  massive  ores. 

Magnetic  iron  forms  one  of  the  most  common  and  almost  unfailing  mine- 
rals of  the  trappean  rocks  of  the  Silurian  age.  Associated  with  labradorite, 
it  forms  beds  of  porphyry,  intercalated  among  the  compact  and  crystalline 
traps  of  Isle  Royale. 

Iron  Pyrites. —  One  of  the  most  common  minerals ;  it  occurs  in  great 
abundance  in  fine  particles,  scattered  through  the  hornblende  rocks  of  the 
azoic  series.  It  is  found  in  cubic  crystals  at  rresqu'isle,  associated  with  cal- 
careous spar. 

Iron-sand  —  Occurs  on  the  shores  of  the  lake  in  great  abundance,  and  is 
probably  derived  from  the  disintegration  of  the  slaty  rocks  of  the  azoic 
series. 

Jasper. —  See  Quartz. 

Labradorite. —  See  Feldspar. 

Laumonite. —  This  is  one  of  the  most  abundant  of  all  the  trappean  mine- 
rals in  the  Lake  Superior  region.  It  occurs  in  the  bedded  trap  of  Keweenaw 
Point,  filling  the  amygdules,  especially  near  the  contact  of  the  conglomerate 
and  sandstone.  It  forms  a  considerable  part  of  the  gangue  of  some  of  the 
metalliterous  veins,  and  is  especially  frequent  in  the  selvages  of  the  veins. 
On  Isle  Royale  it  frequently  occurs  in  thin  bands,  between  the  different 
belts  of  trappean  rock.  Near  Eagle  harbor  it  forms  ji  wide  vein,  filled  with 
irregular  strings  and  bunches  of  copper. 

Near  the  location  of  the  Atlas  company,  in  the  Porcupine  moimtains,  it 
forms  a  considerable  portion  of  the  trappean  rock,  over  a  great  extent  of 
surface.  The  rapid  change  which  this  mineral  undergoes,  when  exposed  to 
the  air,  by  losing  a  portion  of  its  water,  causes  the  rock  containing  this 
mineral  to  crumble  and  disintegrate  rapidly.  The  Leonhardite,  on  the  con- 
trary, appears  to  remain  unaltered  by  exposure. 

Leonhardite.  —  This  mineral  has  a  most  remarkable  resemblance  to  Lau- 
monite in  its  general  habitus,  but  appears  to  have,  unquestionably,  a  differ- 
ent composition,  and  must,  therefore,  be  classed  as  a  distinct  species. 

The  following  analyses  of  this  mineral  were  made  by  Mr.  G.  O.  Barnes, 
under  Mr.  Whitney's  direction : 

I.  II. 

Silica 55.96 55.04 

Alumina 21.04 22.34 

Lime - 10.49 10.64 

Water    11.93 11.93 

99.42  99.95 
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he  formula  SCaOSiO,  +  4Al203Si303  +  15H0  requires— 

Silica 56.57 

Alumina 21.99 

Lime   9.40 

Water 12.02 


99.98 


his  formula  differs  from  that  of  Laumonite  principally  in  its  containing ' 

e-third,  (instead  of  a  hi-)  silicate  in  the  first  term ;  and  fifteen  atoms  of 

»r  instead  of  eighteen. 

his  mineral  occurs  at  Copper  Falls.    It  seems  to  remain  unaltered  by 

)sure  to  the  atmosphere,  containing  less  water  than  Laumonite,  and 

efore  not  parting  with  it  so  readily  as  that  mineral  does. 

lalachite* —  See  Copper,  carbonates  of. 

lagnetic  Iron  Ore. —  See  Iron,  oxide  of. 

langanese,  oxide  of —  Occurs  at  Manganese  lake,  near  Copper  Harbor, 

,  also,  at  Presqu'isle,  but  the  specimens  are  of  no  mineralogical  interest. 

Tesotype. —  Fine  slender  prisms  of  this  mineral  occur  at  Copper  Falls, 

ciated  with  analcime,  on  which  mineral  they  are  implanted :  it  is  also 

anted  directly  on  the  copper,  at  the  same  locality. 

fesole. —  A  mineral  resembling  mesole,  in  external  character,  is  found 

le  amygdaloidal  trap  of  Keweenaw  Point. 

Kca  —  Occurs  sparingly  diffused  through  the  granitic  rocks.    The  great 

ominance  of  the  feldspathic  and  quartz ose  ingredients  of  the  granites, 

the  comparatively  small  quantity  of  mica,  is  an  interesting  tact,  and 
cially  so,  when  tsien  into  consideration  in  connection  with  the  great 
city  of  simple  minerals  in  the  same  rocks.  Over  the  whole  region 
Ted  by  granite,  wc  have  hardly  found  a  single  mineral  of  interest,  the 

foreign  substance  present,  as  far  as  we  have  observed,  besides  specks 
omblende  and  chlorite,  being  occasional  strings  of  magnetic  iron. 
ectolite. —  This  mineral  occurs  on  Isle  Royale,  in  spheroidal  masses,  con- 
ng  of  delicate,  silky  fibres  radiating  from  a  centre,  and  which  closely 
rnole  the  foreign  specimens  of  this  mineral  from  Monte  Baldo. 
'his  mineral  fuses  readily  before  the  blowpipe  in  the  platinum  forceps, 
a  but  little  intumescence,  and  gives  a  colorless,  blebby  glass.  Chloro- 
ric  acid  dissolves  it  readily ;  the  silica  separating  as  a  nocky  precipitate, 
i^e  following  are  the  results  of  the  analyses  of  two  specimens  from  Isie 
yale : 

I.  II. 

Silica 53.45 55.66 

Lime 31.21 32.86 

Soda 7.37 7.31 

Potash   trace 

Alumina 4.94 1.45 

Water 2.72 ---  2.72 


99.69  100.00 

No.  I.  contains  considerable  alumina,  which,  however,  does  not  form  an 
*iitial  part  of  the  mineral ;  as  is  evident  from  the  anal^siv^  o?  l^o.  W.> 
^hich  only  1.45  jier  cent,  was  found.    It  is  difficult  to  obtaiu  ^  laiS^aX^^^ 
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or  fibrous  mineral  in  a  slate  of  perfect  purity  from  the  gaiigtic ;  there  beinp; 
m  each  case,  a  small  quantity  of  quartz  in  the  silica  separated  by  digestion 
with  acid.  The  results,  however,  show  conclusively  that  this  mineral  agrees 
in  constitution  with  the  formula  proposed  by  Von  Kobell. 

Pitchblende. —  A  mineral  containing  uranium,  from  Maimanse,  on  the 
north  side  of  Lake  Superior,  was  anafyzed  and  described  by  Dr.  J.  L.  Le 
Conte,  under  the  name  of  coracite.  For  analysis  and  description  of  this 
mineral,  by  Mr.  Whitney,  also,  see  Boston  Journal  of  Natural  History,  Vol. 
VI.,  p.  37-  This  mineral  is  particularly  distinguished  from  pitchblende  by 
its  ready  solubility  in  acids,  and  hence  was  supposed  by  Mr.  Whitney,  who 
analyzed  it,  to  contain  the  oxide  of  uranium  Uj  O,,  and  not  U,  O^,  which 
is  generally  considered  the  state  of  oxidation  of  the  metal  in  pitchblende. 
To  this  view  it  has  been  objected  that  the  solubility  of  the  mineral  might 
be  owing  to  the  presence  of  the  carbonate  of  lime  contained  in  it.  This 
\'iew  is,  however,  hardly  sustained  by  facts,  since  it  is  often  the  case  that  the 
common  pitchblende  contains  a  considerable  amount  of  impurities,  and  espe- 
cially carbonate  of  lime,  without  becoming  soluble.  A  portion  of  the  lime, 
and  the  whole  of  the  lead,  which  the  mineral  contains,  must  remain  uncom- 
bined,  unless  we  suppose  it  to  play  the  part  of  a  base  in  combination  with 
the  uranic  acid. 

Pitchstone. —  This  mineral  occurs  in  a  large  mass,  in  the  trap  of  Isle 
Royale. 

An  analysis  furnished  us  the  following  results  : 

Before  the  blowpipe,  in  the  forceps,  it  swells  up  considerably  and  be- 
comes nearly  white ;  it  then  fuses  without  much  difficulty  to  a  greyish  glass. 

The  fluxes  give  with  it  a  strong  reaction  of  iron. 

If  finely  pulverized,  and  digested  with  chlorohydric  acid,  it  is  only  imper- 
fectly decomposed,  considerable  iron  being  taken  up  by  the  acid. 

An  attack  by  carbonate  of  soda  gave : 

Silica 62.51 

Alumina 11.47 

Peroxide  of  iron 11.05 

Lime -- 2.67 

Magnesia  --- 2.11 

Soda  and  trace  potash * 3.03  by  loss. 

Water 7.14 


100.00 


Pitchstone  is  generally  supposed  to  be  a  natural,  vitreous  product,  and, as 
such,  of  course  no  formula  can  be  given  for  it.  The  analyses  of  this  sub- 
stance show  considerable  uniformity  of  composition,  and  all  exhibit  from 
five  to  nine  per  cent,  of  water.  The  part  w^hich  this  large  amount  of  water 
plays  in  a  vitreous  product  associated  with  trappean  rocks  is  not  easy  to 
explain. 

Prehnite, —  Hardly  any  one  of  the  zeolitic  minerals  is  so  widely  and 
universally  disseminated  through  the  trappean  rocks  of  the  Silurian  series 
as  Prehnite.  It  forms  one  of  the  predominating  minerals  in  the  vein-stone 
(f{  the  copper-bearing  veins.  Loose,  rounded  masses  of  this  mineral  are 
common  on  the  beaches  of  Isle  Royale,  and  often  contain  fine  scales  oi 
metaUic  copper  and  native  silver  distributed  through  them.  Other  pebbles 
of  this  mineral  are  colored  of  a  famt  flesVi-ted  by  suboxide  of  copper,  no 
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metallic  copper  being  present  in  particles  perceptible  to  the  eye.     Some  of 
these  pebbles  have  a  fibrous  structure. 

The  following  is  an  analysis  of  one  of  those  fibrous,  rounded  masses,  in 
which  no  metalhc  copper  could  be  seen,  on  examination  with  the  microscope : 

SiUca ; 44.80 

Alumina  and  trace  of  iron t 25.34 

Lime 24.75 

Soda trace 

Suboxide  of  copper 1.04 

Water 4.01 


99.94 

^he  finest  specimens  of  Prehnite,  which  we  have  seen  from  this  region, 
were  obtained  at  the  location  of  the  Atlas  mining  company,  near  the  Por- 
cupine mountains;  at  which  locality  the  zeolitic  minerals  form  large,  flat 
sheets  in  the  trap. 

Pyroxene. —  This  mineral  occurs  abundantly  as  one  of  the  constituents  of 
the  trappean  rocks,  but  no  v/here  in  well-defined  crystals. 

Quartz. —  The  specimens  of  crystallized  quartz  (rock  crystal),  which  oc- 
cur in  this  district,  are  rarely  worthy  of  notice.  The  druses  of  this  mineral 
which  occur  in  the  vein,  at  the  Cliff  mine,  when  associated  with  crystal- 
lized copper,  or  Prehnite,  sometimes  form  very  elegant  specimens.  The 
smoky  variety  occurs  at  Rock  Harbor,  Isle  Royalc.  Amethystine  quartz, 
nearly  transparent  and  of  a  purplish- violet  color,  is  found  in  the  vein  of  the 
Prince  mine,  on  the  north  side  of  the  lake,  and  this  locality  furnishes  mag- 
nificent specimens  of  deep-colored  groups  of  crystals,  associated  with  calc- 
spar.     It  also  occurs  m  the  geodes  of  the  trap,  near  Copper  Harbor. 

Of  the  varieties  of  quartz  which  occur  in  the  south  side  of  the  lake, 
agate  is  by  far  the  most  abundant.  It  occurs  in  the  cellular  cavities  of  the 
amygdaloid,  and  especially  in  the  outer  band  on  the  north  side  of  Keweenaw 
Point,  and  along  the  shores  of  Isle  Royale.  As  this  is  gradually  broken 
up  and  disintegrated  by  the  action  of  the  waves,  the  agates  contained  in  it 
are  accumulated  on  the  beach.  In  general,  the  specimens  found  along  the 
shore  of  the  lake  possess  little  value,  except  as  souvenirs  to  those  who 
have  collected  them,  though  occasionally  an  agate  of  considerable  size  and 
beauty  is  found.  The  finest  of  which  we  have  any  knowledge  were  found 
by  Professor  Mather,  on  one  of  the  outer  reefs  of  Michipicoten  island ;  some 
of  the  specimens  were  two  feet  in  diameter.  The  agates  occasionally  pass 
into  cacholong  and  carnelian. 

Jasper — Is  very  abundant,  forming  mountain-masses  in  the  Porcupine 
mountains,  and  at  Mount  Houghton.  Some  of  that  occurring  in  the  Por- 
cupine is  of  a  brilliant,  deep-red  color,  and  beautifully  banded.  That  of 
Mount  Houghton  assumes,  at  times,  a  ribboned  structure,  but  is  so  fusile, 
that  it  is  ditncult  to  procure  good  specimens.     (Vide  Part  I,  p.  65,  70.) 

It  also  occurs  abundantly  in  the  azoic  series,  forming  alternating  bands 
with  the  iron  ores.  It  is  of  a  deep-red  color  and  susceptible  of  a  high  po- 
lish.    (Vide  Part  II,  ch.  IV.) 

Scapolite, —  This  mineral  was  found  in  prismatic  crystals  at  Twin  falls, 
Menomonee  river. 

Serpentine. —  An  occasional  ingredient  of  the  trappean  and  met  amorphic 
rocks  in  the  southern  portion  of  the  azoic  region. 

Silver,  rwtive. —  This  metai  occurs  diffused  thiougYi  Wx*^  U^^,  'dX.  N^\Aa>aa 


C4J 


108 


localities  on  Keweenaw  Point  and  Isle  Royale :  in  fact,  its  distribution  is 
coextensive  with  that  of  native  copper ;  but  the  principal  portion  of  that 
which  has  been  obtained  thus  far,  was  from  the  old  Lake  Superior  (now 
Phoenix),  the  Cliff,  the  Copper  Falls,  and  the  Minnesota  mines.  The  silver 
occurs  in  connection  with  the  metallic  copper,  both  metals  being  united 
together  at  their  edges,  and  yet  each  being  almost  entirely  pure,  and  free 
from  alloy  with  the  other.  The  silver  is  almost  invariably  accompanied  by 
a  greenish,  hydrous  silicate  of  alumina  and  iron.  The  most  curious  speci- 
mens are  those  in  which  the  silver  occurs  in  patches,  like  the  crystals  of  feld- 
spar in  a  porphyry.  There  is  nothing  of  particular  interest  to  add  with 
regard  to  crystallization,  since,  so  far  as  we  have  observed,  no  crystals  of 
this  metal  have  been  found  in  this  region. 

The  largest  mass  of  silver  obtained,  up  to  this  time,  weighed  more  than 
six  pounds.     This  was  found  at  the  Phoenix  mine.     Beautiml  specimens  of 
native  silver,  in  Prehnite,  have  also   been  picked  up  on  the  beaches  of 
Washington  Harbor,  Isle  Royale.     No  ores  of  silver  have  been  noticed  in  • 
the  trappean  rocks.     (Vide  Part  I,  pp.  139,  173  and  178.). 

Silver y  Sulphuret  of. —  This  mineral  occurs  at  the  Pnnce  mine,  on  the 
north  shore  of  the  lake  ;  we  are  not  aware,  however,  that  any  ore  of  silver 
has  been  observed  on  the  south  side. 

Stilbite, —  This  mineral  is  found  very  sparingly,  if  at  all,  in  the  trappean 
rocks  of  Keweenaw  Point. 

Spkarosiderite — Is  found  in  amorphous  masses,  occupying  the  cavities  of 
the  greenstone  of  Keweenaw  Point,  resembling  that  from  Hanau. 

Tabular-spar, —  See  Wollastonite. 

Talc, —  Although  this  mineral  constitutes  a  portion  of  the  slaty  rocks 
of  the  azoic  series,  it  is  rare  to  find  any  good  specimens,  or  masses  of  any 
considerable  size. 

Titanic  iron  sand. —  Some  of  the  sand,  which  occurs  so  abundantly  along 
the  shores  of  the  lake,  is  titaniferous  ;  but,  in  general,  the  iron  ores  of  this 
region  are  remarkably  free  from  this  metal. 

Uranium. —  See  Pitchblende. 

Wollastonite. —  This  mineral,  or  table-spar,  as  it  is  often  called,  occurs  at 
the  Cliff  mine,  and  on  Isle  Rqyale,  near  Scovill's  Point.  Specimens  from 
both  those  localities  are  identical  in  external  characters,  but  differ  much 
from  the  same  mineral,  as  it  occurs  elsewhere ;  so  much  so,  indeed,  that 
their  real  nature  could  only  be  learned  by  chemical  analysis. 

The  mineral,  as  it  here  occurs,  is  compact,  of  a  light,  flesh-red  color,  and 
remarkable  for  its  exceeding  toughness,  surpassing  in  that  quality  anv  mine- 
ral, or  rock  known. 

Two  analyses  of  this  mineral,  from  the  Cliff  mine,  gave  as  followi  ? 

I.  II. 

Silica 49.09 49.06 

Lime 46.38 44.87 

Protoxide  of  manganese .48 .93 

Alumina .r23 1.28 

Magnesia — - .14 

Water----- 2.96 2.96 

Carbonic  acid  and  loss .72 .90 

100.00  100.00 
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;  mineral  is  therefore  a  bi-silicatc  of  lime,  colored  by  a  little,  man- 

• 

jceives  -a  beautiful  polish,  and  might  be  wro::gLt  Tor  ornamental  pur- 

if  it  occurred  in  sufficient  quantity. 

:. —  Carbonate  of  zinc  has  been  supposed  to  occur  on  Keweenaw 

but  this  is  an  error.     Blende,  or  sulphuret  of  zinc,  occurs  abundantly 

north  shore,  at  the  Prince  mine,  associated  with  calc-spar,  sulphuret 

2r,  and  sulphuret  of  copper. 

lall  quantity  of  zinc  has  been  observed  at  Presqu'isle. 
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CHAPTER  VIII. 

LOWER  SILURIAN  SYSTEM— POTSDAM  AND  CALCIFEROUS  SANDSTONES. 

General  Characters  of  the  Members  of  this  System, —  First  Traces  of 
Organic  Life. —  Ancient  Limits  of  the  Oceanic  Basin, —  General  J?e- 
marks  on  the  Identity  of  the  Groups. —  Potsdam  Sandstone. —  Organic 
Remains. —  Range  and  Extent. —  Lithological  Changes. —  Attempts  to 
identify  it  with  the  JSTew-Red. —  Its  Development  on  the  Northern  Short 
of  Lake  Superior. —  Evidences  of  Volcanic  Action  during  this  Epoch, 
—  Its  Developement  on  Isle  Roy  ale,  in  Connection  with  Volcanic  Pro* 
ducts. —  Fiords. —  Monument  Rocks. —  Its  Developm^ent  on  the  Southern 
Shore. —  Keweenaw  Point  and  the  Ontonagon  Region. —  Examples  of 
Diagonal  Stratification. —  Its  Character  and  Relations  to  the  jyrSexist' 
ing  Rocks  at  Granite  Pointy  Carp  River y  and  PresquHsle. —  Fissures.— 
Grand  Island. —  The  Pictured  Rocks. —  Miners^  Castle. —  The  Amphi- 
theatre.—  Sail  Rock, —  The  Chrand  Portal. — The  Chapel. —  Examples  of 
Diagonal  Stratification. —  The  Grand  Sable. —  The  Extension  of  the 
Sandstone  eastward  to  the  JSTorth  Shore  of  Lake  Huron,  and  westward 
to  the  Menominee. —  Occurrence  of  Trilohites. —  Its  Developement  w 
Wisconsin. —  Sandstone  of  the  Mississippi  and  St.  Croix  Rivers ,  iden- 
tical with  the  Potsdam  of  Jfew  York: —  Repetition  of  the  Causes  wkkk 
produced  it  during  the  Deposition  of  the  Calciferous. —  Calciferous 
Sandstone. —  Range,  Extent,  and  Mineral  Characters. —  The  Want  of 
Horizontality  in  the  Detrital  Deposits  not  necessarily  Evidence  of  Dis- 
turbance.—  Chemical  Composition  of  the  Sandstone, —  Review  of  thi 
Various  Opinions  as  to  its  Jige. 

We  now  proceed  to  a  description  of  the  palaeozoic  series  of  this  region. 

Unlike  the  rocks  which  we  have  hitherto  described,  they  exhibit  few  traces 

•of  igneous  outburst,  and  few  displacements  of  the  strata ;  but,  on  the  other 

hand,  they  repose  nearly  horizontally  on  the  basset  edges  of  the  slates,  or 

occupy  the  depressions  m  the  granite. 

This  general  remark,  however,  must  be  received  with  some  qualification, 
for  we  find  that  there  existed,  during  a  part  of  the  Silurian  epoch,  at  least 
two  lines  of  volcanic  foci,  from  which  flowed  numerous  streams  of  lava. 
These,  minglmg  with  the  detrital  deposits,  then  in  the  progress  of  accumula- 
tion, formed  a  mass,  whose  imited  thickness  far  surpasses  the  height  of  the 
loftiest  summits  in  this  region.  We  refer  to  the  trap  ranges  of  Keweenat^ 
Point  and  Isle  Royale,  described  in  a  previous  report. 

The  materials  forming  these  rocks  appear  to  have  been  deposited  as  sedi- 
ments in  the  bottom  of  the  ocean,  enveloping  the  various  types  of  animal 
and  vegetable  life,  which,  by  successive  creations,  started  into  being.  Froift 
the  commencement  of  this  period,  so  far  as  vre  yet  know,  may  be  dated  the 
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dawn  of  animal  life.     At  tlie  base  of  the  Potsdam  sandstone,  we  reach  the 
verge  which  separates  the  organic  from  the  inorganic  world.     "  Here,"  in 
the  language  of  another,  "our  voyage,  like  that  of  the  old,  fabulous  navi- 
gators of  hve  centuries  ago,  termmates  on  the  sea,  in  a  tliick  darkness, 
beyond  which  there  lies  no  shore,  and  there  dawns  no  light."*     Starting 
then,  from  this  point,  we  find  but  a  few  forms  of  organized  existence  repre- 
sented.    As  we  ascend  in  the  series,  we  meet  with  new  tribes,  new  genera, 
and  new  species.     Generation  succeeds  generation.     Old  forms  disappear 
land  are  replaced  by  new,  which,  in  their  turn,  become  obsolete.   The  dura- 
tion of  a  single  species  comprehends  an  immense  period  of  years;  and,  when 
we  consider  the  numerous  changes  which  have  taken  place  in  the  different 
types,  since  first  the  Lingula  and  the  Trilobite  appeared  in  the  Potsdam  sand- 
stone, our  thoughts  are  carried  back  to  a  period  so  remote  that  all  ordinary 
modes  of  expression  fail  to  convey  an  adequate  idea  of  the  lapse  of  time. 
The  geologist  represents  periods  of  duration  by  millions  of  years,  as  the 
astronomer  represents  the  distance  of  the  fixed  stars  from  the  earth,  by 
millions  of  miles. 

The  limits  of  this  oceanic  basin  are  but  imperfectly  defined.  It  stretched 
east  and  west,  from  the  shores  of  the  Atlantic  to  the  flanks  of  the  Rocky 
mountains ;  to  the  south,  it  extended  beyond  the  Rio  Grande,  and  north,  to 
the  Arctic  ocean. 

Within  this  basin,  the  granite  axes  between  Lake  Superior  and  Lake 
Michigan,  and  between  Lake  Superior  and  Hudson's  bay,  rose  above  the 
waters  of  the  Silurian  sea. 

A  large  portion  of  North  America  is  embraced  within  this  oceanic  bed, 
constituting  its  fairest  and  most  productive  tracts.  The  uplifting  force,  by 
which  this  sea-bottom  was  converted  into  land,  must  have  been  gradually 
applied;  since  the  strata,  for  the  most  part,  repose  in  a  nearly  horizontal 
position,  and  exhibit  few  marks  of  derangement.  We  meet  with  no  moun- 
tain chains,  and  no  transverse  valleys,  except  such  as  have  been  excavated 
by  running  water.  The  whole  region  is  spread  out  in  gently  imdulating  plains; 
or,  if  ridges  exist,  they  are  due  to  accumulations  of  drift,  or  to  the  greater 
coherence  between  the  particles  in  certain  groups,  which  enabled  them  to 
resist  the  general  denudation,  which  has  everywhere  left  such  mcontestible 
evidence  of  its  action. 

From  the  MS. •of  Mr.  Hall,  we  append  some  general  remarks  on  the 
identity  of  the  members  of  the  Silurian  groups,  as  developed  in  different 
parts'  of  this  basin : 

"  The  observations  of  the  past  season  have  served  to  show  that  nearly 
all  the  more  important  groups  of  the  Silurian  system  extend  uninterruptedly 
from  the  more  easterly  points,  where  they  have  been  investigated,  through 
the  northern  peninsula  of  Michigan,  as  far  west  as  the  Mississippi,  and  even 
beyond.  These  observations  form  a  connecting  link  between  those  hereto-^ 
fore  made  in  New  York  and  Canada,  and  those  made  in  the  southern  penin-'i[ 
sula  of  Michigan,  Wisconsin,  Iowa,  Minnesota,  and  other  portions  of  the 
West,  and  enable  the  geologist  to  form  a  cdrrect  idea  of  the  range,  extent, 
and  fossil  contents  of  these  groups,  as  developed  in  the  northern  portion  of 
the  United  States.  We  believe  that  these  results  will  render  some  points 
of  resemblance,  heretofore  obscure,  clear  and  distinct ;  and  remove  any 
doubts  that  may  have  been  entertained,  as  to  the  identity  of  certain  mem- 
bers of  the  Silurian  system,  in  their  eastern  and  western  prolougaLtvQiv.    It 
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these  results  are  allainetl,  we  shall  be  satisfied  that  we  have  not  labored  in 
vain. 

These  strata,  originally  deposited  in  a  wide  ocean,  every  where  present 
evidences  of  organic  existence.  It  is  not  to  be  supposed  that  in  tracing 
deposits  of  this  kind  over  such  wide  areas,  the  <^onditions  of  the  ocean- 
shores  would  have  been  uniform  in  their  physical  character,  and  we  cannot, 
therefore,  expect  uniformity  in  the  character  of  the  deposits  themselves. 
The  very  circumstances  under  which  the  sediment  was  thrown  down  and 
the  causes  which  gave  origin  to  it,  are  of  themselves  evidence,  a  priori, 
that  absolute  uniformity  could  not  prevail  over  so  wide  an  area.  We  are 
to  look,  in  like  manner,  for  corresponding  changes  in  organic  remains.  It 
cannot  be  supposed  that  animals,  possessing  certain  characters  and  habits 
of  life,  would  continue  to  live  for  any  length  of  time,  when  the  physical 
conditions  were  unfavorable  to  their  existence.  When  we  consider,  also, 
the  extent  over  which  these  deposits  have  been  traced,  the  difference  in 
longitude  alone  would  lead  us  to  ex})ect  some  differences  in  the  fauna  of 
this  ancient  period.  We  have  only  to  compare  this  great  linear  development 
of  the  palaeozoic  strata  with  an  equal  extent  of  modern  coast,  to  form  some 
idea  of  the  changes  that  might  be  expected  to  occur  imder  similar  circum- 
stances. In  making  such  a  comparison,  however,  we  shall  find  that  the 
actual  condition  of  these  ancient  deposits  is  far  more  uniform  than  that  of 
the  sea-shore,  or  sea-bottom,  at  the  present  day. 

By  making  the  preliminary  examination  of  recent  shores,  or  of  recent 
geological  deposits,  we  are  far  better  prepared  to  appreciate  and  understand 
the  changes  which  will  be  observed  in  the  rocks  themselves.  These 
changes,  though  gradual,  and  readily  understood,  when  studied  continu- 
ously, are,  nevertheless,  diflicult  of  explanation,  when  seen  at  wide  inter- 
vals, or  examined  at  distant  localities. 

13ie  general  results  of  these  examinations,  as  will  be  seen  by  the  local 
details,  have  shown  an  increasing  thickness  in  the  Potsdam  sandstone,  in  its 
western  extension,  though,  at  some  of  the  intermediate  points,  it  is  much 
thinner  than  in  New  York.  It  should  be  recollected,  however,  that  these 
beds  were  deposited  upon  the  uneven  surface  of  preexisting  rocks,  and  their 
entire  thickness  may,  therefore,  be  exposed  only  at  some  of  the  points 
where  the  originally  unequal  floor  presents  some  of  its  elevations,  and  thus 
give  an  erroneous  idea  of  its  actual,  entire  thickness.  The  calciferous  sand- 
stone, in  like  manner,  appears  to  increase  as  traced  from  the  eastern  limits 
of  the  district  westward,  and  on  the  Mississippi,  attains  a  thickness  equal 
to  that  which  it  has  in  New  York. 

From  all  of  the  evidence,  it  would  appear  that  these  two  groups,  which 
are  very  intimately  related  to  each  other,  have  their  most  extreme  tenuity 
somewhere  near  the  northern  extremity  of  the  great  arch,  formed  by  the 
circuits  of  the  older  formations  around  the  northern  shores  of  lakes  Huron 
and  Michigan.  From  this  point,  they  increase  in  thickness  as  traced  to  the 
east  and  to  the  west.  On  the  other  hand,  the  lower  limestones  —  the 
Chazy,  Birds-eye,  Black  river,  .and  Trenton  groups  —  appear  to  decrease 
gradually  in  thickness,  as  traced  westwardly  Irom  the  Mohawk  valley,  and 
the  outlet  of  Lake  Ontario,  where  they  exist  in  great  force.  This  fact  is 
made  very  conspicuous,  when  their  entire  thickness,  as  developed  in  New 
York,  is  compared  with  that  of  the  same  groups  on  the  northern  side  of 
lakes  Huron  and  Michigan,  where  they  contract  to  within  a  hundred  feet 
wd  in  some  places  even  less.    We  have  also  evidence  that  they  do  not, 
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ike  the  preceding  groups,  increase  in  thickness,  when  traced  into  Wisconsin 
md  across  the  Mississippi ;  for  there,  they  hardly  attain  a  vertical  range  of 
ifty  feet.  Although  over  the  entire  area  the  identity  of  character  and  the 
lontinuity  of  the  beds  are  maintained,  it  is  clear  that  the  materials  have 
continually  undergone  diminution,  and  that  the  formation,  unless  it  has  been 
upplied  from  other  sources,  will  be  found  to  die  out. 

In  the  upper  member  of  the  Lower  Silurian  system,  the  Hudson-river 
roup  of  New  York,  we  have  also  a  striking  example  of  the  marked  change 
7hich  a  deposit  is  found  to  have  undergone  when  traced  over  a  considera- 
te area.  In  the  district  imder  consideration,  it  is  clearly  recognized 
hroughout  its  whole  extent,  from  Drummond's  island  to  Green  Bay,  except 
<rhere  it  has  been  denuded,  and  the  space  occupied  by  lakes,  or  bays.  This 
;roup,  like  the  other  members  of  the  limestone  series  before  alluded  to, 
X  hi  bits  a  diminution  in  its  thickness,  as  traced  wcstwardly,  and  disappears, 
:  short  distance  beyond  the  limits  of  the  district. 

If  we  next  consider  the  upper  groups  of  the  Silurian  system,  as  displayed 
n  this  district,  we  find  that,  to  a  great  extent,  the  reverse  is  true.  Leaving 
)ut  of  view  the  Medina  sandstone  and  the  arenaceous  portions  of  the  Clin- 
ton group,  which  are  scarcely  recognisable  here,  we  find  the  succeeding  lime- 
;tones  much  increased  in  thickness,  and  exhibiting  no  diminution,  but  rather 
m  augmentation,  as  traced  to  the  w^estward. 

From  these  general  remarks,  the  reader  will  be  prepared  to  understand 
the  details  given  under  each  division  of  the  series.  It  should  be  observed, 
however,  in  the  outset,  that  the  width  of  surface  occupied  on  the  map,  by  a 
particular  group,  is  not  always  to  be  regarded  as  an  indication  of  its  thick- 
ness ;  for  this,  in  most  cases,  is  dependent  upon  the  amount  of  dip  in  the 
beds,  which,  in  this  case,  nearly  corresponds  with  the  slope  of  the  country ; 
so  that  it  often  happens  that  a  group,  less  than  a  hundred  feet  in  thickness, 
forms  a  belt' several  miles  in  width. 

The  bearing  and  inclination  of  these  successive  groups  indicate  that  they 
formed  the  outer  margin  of  a  great  geological  basin,  whose  greatest  depres-* 
sion  is  in  the  lower  peninsula  of  Michigan,  where  the  surlace  is  occupied 
by  rocks  of  the  carboniferous  epoch.  It  is  only  in  a  northern  and  north- 
western direction,  however,  that  we  are  enabled  to  trace  the  strata  in  a  de- 
scending order  quite  to  the  lowest  members  of  the  series,  and  even  to  the 
non-fossiliferous  series  beneath  them.  In  other  directions,  we  find  the  most 
elevated  portions  of  the  border  exposing  only  members  of  the  upper,  or  at 
most,  of  the  middle,  portion  of  the  Silurian  system." 


1K)TSDAM  SANDSTONE. 

This  was  the  first  formed  deposit  in  the  Silurian  basin,  and  attained,  in 
its  greatest  development,  a  thickness  of  about  two  hundred  and  fifty  feet,  if 
We  exolude  the  conglomerate-bands  associated  with  the  trap  of  Keweenaw 
Point  and  Isle  Royale. 

Ran^e  and  Extent. —  The  bed  of  Lake  Superior,  embracing  an  area  of 
about  32,000  square  miles,  is  occupied  almost  exclusively  by  this  rock,  if 
we  may  judge  from  the  islands  which  dot  its  surface,  and  the  isolated  patches 
which  occur  along  its  shores.  On  the  north,  the  granite  ranges  approach 
near  the  coast  and  confine  the  sandstone  within  narrow  limits  ;  on  the  south, 
it  occupies  a  broader  area,  and  has  been  traced  conlinuo\x&\>}  ^lOvav^L  NJw^ 
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axis,  which  divides  the  waters  respectively  flowing  mlo  Lake  Superior, 
Lake  Michigan,  and  the  Mississippi.  While  the  granite  ranges  attain  in 
places  an  elevation  of  1200  feet  above  the  lake,  the  sandstones,  except  in 
the  vicinity  of  the  trap,  do  not  reach  higher  than  350  feet,  and  rest  m 
a  position  nearly  horizontal.  Consequently,  the  granites  and  slates  rise  up 
like  islands  through  this  great  waste  of  sandstone. 

This  sandstone  does  not  exhibit,  at  remote  points,  a  homogeneity  of  cha- 
racter, or  uniformity  in  thickness ;  but  appears  to  have  been  modified,  tt>  a 
great  extent,  by  local  causes.  Thus,  in  the  vicinity  of  the  trappean  rocks, 
which  afford  ample  evidence  of  intense  and  long-continued  volcanic  agency, 
the  beds  attain  tne  enormous  thickness  of  5000  feet,  and  often  consist  oiT 
conglomerates,  composed  of  trappean  pebbles,  cemented  by  a  volcanic  sand. 
Away  from  these  lines  of  disturbance,  and  where  it  abuts  against  the  azt)ie 
rocks,  the  mass  consists  of  nearly  pure  silicious  sand,  enveloping  pebbles  of 
quartz  and  patches  of  slate.  Where  granite  forms  the  adjoining  rock,  an 
equally  marked  change  is  observed  in  the  character  of  the  pebbles. 

Since,  therefore,  the  nature  of  the  purely  detrital  rocks  is  influenced  by  tlie 
surrounding  masses  which  formed  the  ancient  land,  it.  follows  that  litho- 
loffical  characters  afford  an  uncertain  criterion  in  determining  their  age,  at 
pomts  widely  separated.  Yet,  we  have  seen  distinguished  geologists  under- 
take to  identify  these  rocks,  simply  from  lithological  characters,  with  tLe 
hunter  sandstein*  of  Germany,  with  the  new-red  of  England,  and  the  trias 
of  the  Connecticut  valley.  Such  a  doctrine  presupposes  a  universality  d 
formations, — as  though  the  same  accumulations  of  silt  and  sand  were  takisg 
place  at  the  same  time  in  opposite  parts  of  the  earth, — as  though  the  volca- 
noes of  different  hemispheres  were  at  the  same  time  actively  excited  and 
poured  forth  the  same  igneous  products.  Such  a  doctrine  is  repugnant  to 
all  of  our  preconceived  notions.  It  finds  no  confirmation  in  the  history  of 
the  past,  and  no  agreement  with  the  existing  order  of  things. 

The  doctrine  of  the  universality  of  formations  receives  less  conformation 
tlie  more  the  structure  of  the  earth  is  investigated.  The  sandstone  which 
rests  at  the  base  of  the  Silurian  system  in  the  jBaltic  and  Russian  provinces, 
according  to  Murchison  and  de  Verneuil,  is  slightly  coherent  and  in  a  nearly 
horizontal  position.  In  the  vicinity  of  St.  retersburgh,  the  oldest  beds  of 
this  system  consist  of  blue  clay,  the  several  members  differing  but  little  in 
external  aspect  from  the  tertiary  and  cretaceous  rocks  which  are  spread  our. 
around  the  estuaries  of  many  parts  of  Europe.  The  old-red  sandstone,  iu 
many  places,  is  colorless,  and  presents  great  diversity  in  mineral  composi- 
tion. 

The  Potsdam  sandstone  of  New  York  is  a  quartzose  rock,  whose  particles 
are  firmly  aggregated,  while  the  same  rock,  on  the  northern  slope  of  Lake 
Michigan,  is  so  slightly  coherent,  that  it  may  be  crushed  in  the  hand.  The 
calciferous  sandstone  of  New  York,  when  traced  west,  passes  into  a  mag- 
nesian  limestone.  Even  in  that  state,  according  to  Hall,  groups  which,  at 
one  extremity,  are  of  great  importance,  and  well  characterized  by  fossils, 
cannot  be  identified  at  the  other. 

The  great  mass  of  the  materials  which  form  the  sandstones  of  this  region 
appears  to  have  been  derived  from  the  north-west,  since  the  beds  there 
attain  a  much  greater  thickness,  and  are  composed  of  coarser  sediments. 
They  thin  out  as  we  trace  them  south  and  east,  and  are  charged  with  fewer 


•  J}r,  Owen's  Report,  1847-48,  p.  67.    Dr.  Jafikaou'a  llevQt^  1^9-50,  \i.  399, 
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pebbles.  On  the  Atlantic  slope,  according  to  the  Messieurs  Rogers,  the 
sandstones  expand  in  their  south-easterly  prolongation,  while  the  limestones 
decrease.  Hence,  the  ancient  land  was  to  the  south-east  and  north-west, 
while  the  intervening  spage  which  formed  the  ocean  bed,  is  occupied  by  the 
palaeo^o'C  series. 


SANDSTONES  OP  THE  NORTHERN  SHORE. 

On  tlie  northern  shore  of  the  lake,  as  before  remarked,  the  sandstone 
occurs  in  insulated  patches.  According  to  Mr.  Logan,  to  whom  we  arc 
largely  indebted  for  our  knowledge  of  5ie  geology  of  this  portion  of  thf^ 
region,  on  the  isthmus  between  Thunder  and  BlacK  Bays,  sandstone  occurs 
composed  of  white,  silicious  particles,  but  occasionally  calcareous  grains  arc 
intermingled.  These  beds  attain  a  thickness  of  at  least  two  hundred  feet, 
and  are  succeeded  by  beds  of  red  and  white,  in  alternating  layers.  Con  • 
glomerates,  containing  pebbles  of  coarse  red  jasper,  held  in  a  reddish- white, 
or  greenish  sand,  are  also  interstratified.  The  upper  portion  of  the  beds 
contains  more  calcareous  matter,  and  some  of  the  conglomerates  envelope 
patches  of  limestone  and  chert.  Mr.  Logan  estimates  their  entire  thickness 
at  five  hundred  feet.  They  are  succeeded  by  limestones  of  a  reddish-white 
color  and  very  compact,  interstratified  with  calcareo-argillaceous  shales 
and  rei /dish- white  sandstones,  —  the  whole  attaining  a  thickness  of  eighty 
feet,  w'th  an  addition  of  fifty  feet  of  reddish,  indurated,  marl.  Succeeding 
these  calcareous  strata,  after  an  interval,  the  amount  of  which  is  imcertain, 
red  anil  white  sandstones  occur,  with  conglomerate  layers,  which  become 
interstiatified  with  trap  layers,  and  an  enormous  amount  of  a  volcanic  over- 
flow Clowns  the  formation. 

The  extremity  of  Thunder  cape  is  occupied  by  the  older  slates  and  the 
associated  igneous  rocks  ;  but  Mr.  Logan  observed,  about  six  miles  to  the 
eastward,  a  transverse  dislocation,  which  lets  down  the  sandstone  at  least 
1300  f  jet,  bringing  it  suddenly  to  occupy  the  coast  in  the  strike  of  the 
slates.  On  the  north  side  of  the  bay,  the  conglomerate  is  seen  to  rest  in  a 
nearly  horizontal  position  upon  the  highly  tilted  chloritic  slates,  and  in  one 
spot,  it  evenly  covers  over,  without  any  disturbance,  a  step  in  the  slates 
produced  by  an%ncient  transverse  fault.  The  sandstones  rise  in  vertical 
cliffs  to  the  height  of  two  hundred  feet,  and  occupy  the  coast  for  the  dis- 
tance of  seven  miles.  The  limestones  and  marls  start  from  a  point  about  a  J 
mile  an.l  a  half  east  of  the  down-throw,  and  run  pai^allel  with  the  sand- 
stones, dipping  south-east  at  an  angle  of  about  3°.  At  Granite  islet,  a  con- 
glomerate, composed  of  granitic  ruins,  is  seen  occupying  the  inequalities 
and  worn  fissures  of  the  supporting  rock,  and  displaying  a  southern  dip  of 
about .'   •°. 

The  n  ore  volcanic  portion,  consisting  of  grits  and  conglomerates,  inter 
stratified  with  trap  layers,  commences  at  Point  Porphyry ;  and,  forming  a 
belt  from  seven  to  ten  miles  wide,  stretches  in  a  N.N.E.  direcction,  em- 
bracing not  only  a  portion  of  the  main-land,  but  St.  Ignace  and  Simpson's 
islands.* 

We  examined  this  volcanic  formation,  as  displayed  along  the  western 
shore  of  Neepigon  bay  and  on  the  island  of  St.  Ignace,  and  found  its  geo- 

*  Canada  Reoort,  ld4ft-7 . 
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logical  structure  identical  with  that  of  Isle  Royale  and  Keweenaw  Point. 
The  pebbles  consist  almost  entirely  of  trappean  rocks,  and  the  interstratified 
igneous  beds  are  aften  highly  araygdaloidal  and  contain  traces  of  native 
copper,  which  is  one  of  the  characteristics  of  this  formation. 

On  the  eastern  side  of  the  lake,  (again  quoting  the  authority  of  Mr.  Lo- 
gan,) insular  patches  of  sandstone,  and  also  of  volcanic  products,  reappear. 
About  two  miles  north  of  Cape  Choyye,  a  coarse-grained  bed  abuts  against 
a  precipitous  cliff  of  the  older  formations,  and  dips  to  the  south  of  west  at 
an  angle  of  10°.  At  Gargantua,  and  on  some  of  the  adjacent  islands, 
amygdaloidal  trap  is  observed,  in  beds  dipping  40°  to  the  south  of  west. 
Caribou,  Leach,  Lizard  and  Montreal  islands,  consist  of  sandstone,  the 
beds  of  which  are  but  slightly  inclined.  The  araj'gdaloidal  trap  and  sand- 
stone occupy  the  lower  side  of  the  cove  above  Pointe  aux  Mines,  and  the 
promontory  of  Mamainse  is  composed  of  amygdaloidal  trap  and  coarse  con- 
glomerates, made  up  of  the  ruins  of  the  subjacent  granite,  syenite  and  slate — 
the  whole  dipping  to  the  south  of  west,  at  an  angle  of  20®  or  25®. 

Sandstones  compose  the  promontory  between  L'Anse  aux  Crepes  and 
Batcheewauaung  bay,  and  the  coast  around  Goulais  bay,  with  the  exception 
of  a  limited  space  occupied  by  the  amygdaloidal  trap,  and  thence  extend  in 
a  narrow  strip  for  seven  miles,  as  we  advance  towards  Gros  Cap,  dipping 
gently  to  the  north-west. 

Isle  Royale  was  formed  during  this  epoch,  and  owes  its  origin  to  sub- 
marme,  volcanic  agtmcy.  The  main  mass  is  traversed  by  numerous  ridges 
of  bedded  trap,  of  unequal  hardness,  while  the  coast  is  intersected  by  deep 
passages,  ot  fiords y  like  those  of  Iceland  and  Norway.*  They  undoubtedly 
originated  during  the  drift  epoch,  for  we  know  that  the  waves  of  the  sea,  as 
manifested  along  the  coast  at  this  day,  are  incapable  of  such  excavating 
power.  Over  the  whole  surface  of  the  island,  we  meet  with  numerous 
evidences  of  powerful  denudation.  The  rocks  have  been  ground  down, 
poHshed,  and  striated,  and  nearly  all  of  the  superficial  materials  removed. 

*  Mr.  Dana  hii.s  called  attention  to  Uio  important  fact  of  the  IVoquent  existence  of  these 
fiords  in  tire  higher  latitudes,  and  their  almost  total  absence  Jrom  coasts  in  the  lower  tempe- 
rate and  torrid  zones.  **  Along  the  west  coast  of  America,  they  ubonnd,  to  the  north  above 
48^  ;  and  to  the  south,  in  Lower  Patagonia  and  Ticrra  del  Fucgo,  .south  of  48"^,  there  are 
similar  passages  intersecting  the  land,  and  ollen  cutting  it  into  islands ;  but  between  these 
limits  the  coast  has  few  bays,  and  fewer  still  of  these  channel-like  indentations.  On  tlie 
eastern  coast  of  the  continent,  we  observe  the  same  general  fact.  To  the  north  of  the 
equator,  the  coast  is  singularly  even  in  its  outline,  until  we  reach  Mjiine,  north  of  latitude 

,  48°,  where,  as  may  be  seen  on  a  good  map,  tlie  fiords  l»ccome  very  nnmcrous,  and  deep  and 
complex  in  their  long  windings  and  ramifications.  The  same  remarks  will  aj)ply  to  the 
eastern  continent.  Tlic  fiords  of  Norway  are  well  known,  and  this  coast  is  a  singular  con- 
trast to  that  of  France.  Spain  and  Aft-ica." — [(Jeology  of  the  Exploring  Expedition,  p,  675.] 
They  appear  to  be  intimately  connected  with  the  driff  i>henonu*na,  being  the  most  abundant 
where  the  drift  action  is  most  conspicuously  displayed,  and  ceasing  altogether  l)efore  arriving 
at  the  extreme  limits  of  the  boulders.  The  rocks  bonlering  these  fiords  are  ground  down, 
polished,  .and  scratched,  and,  in  many  cases,  covered  with  rudely  stratified  beds  of  8a9d, 
j)8bbles,  &c.,  which  nuist  have  l)een  accumulate*!  when  the  land  was  submerged.  The 
tiords  are  probably  due  to  causes  which  have  ceased  to  openite,  since  the  present  action  of 
the  sea  is  to  fill  up  the  sheltered  bays,  and  wear  away  the  projecting  ca]>es. 

Their  existence,  too,  results,  in  a  great  measure,  from  tlie  geological  structure  of  tlie 
region  where  they  occur,  as  we  have  shown  in  Part  I.  of  our  report.  Where  the  rocks  are 
of  uniform  hardness,  we  meet  with  gently-curving  shores  and  wide-mouthed  bays :  but, 
where  there  are  alternating  bands  of  unequal  hanlness,  we  meet  with  numerous  projecting 
head-lands  and  deeply-indented  coves.  Rocks  of  this  character  prevail,  north  and  south, 
between  the  equator  and  latitude  48° ;  but  the  causes  by  which  their  denudation  was  c£fbcit<;d, 
do  not  appear  to  have  operated  within  these  limits.    We  must,  therefore,  look  to  Q^hef 

aoarcea  than  the  action  of  the  soa  aa  manifosled  attlus  d^v 
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instances,  isolated  blocks  remain  as  obelisks  to  remind  us  of  the 
the  desolation. 

etches,  marked  Plate  II.,  III.,  represent  the  "  Monument  Rocks,'' 
!ur  on  a  bold  headland  known  as  Blake's  Point,  near  the  eastern 
of  the  island.  The  ridge  here  is,  perhaps,  two  hundred  and  fifty 
J  the  lake,  and  the  rocks  shoot  up  nearly  seventy  feet.  Their  sym- 
and  tower-like  forms,  aided  by  the  different  systems  of  joints, 
tersect  the  trappean  mass  at  nearly  right  angles,  cutting  it  into 
ar  blocks,  render  it  one  of  the  most  interesting  objects  on  the  lake 
'he  summit  of  these  rocks,  as  seen  from  below,  seems  entirely 
'le,  and  yet  we  believe  that  it  has  once  been  attained  by  a  daring, 
night  almost  add,  fool-hardy,  climber. 

he  ridge  a  short  distance  to  the  north,  which  overlooks  Duncan's 
is  about  three  hundred  feet  above  Lake  Superior,  the  eye  sweeps 
whole  region.  Rock  Harbor,  sheltered  by  a  narrow  chain  of 
;  seen  below,  beyond  which  the  lake  spreads  out  in  a  broad  sheet, 
n  object  to  obstruct  the  gaze.  To  the  north  and  west.  Thunder 
Kay's  mountain,  and  Pie  island,  stand  out  in  bold  relief,  and  the 
'  the  Canada  shore  can  be  traced  for  more  than  a  hundred  miles, 
the  south,  in  clear  weather,  the  forms  of  the  hills  on  Keweenaw 
indistinctly  seen. 

the  southern  border  of  the  island,  we  meet  with  narrow  bands  of 
rate  interposed  between  the  igneous  masses,  succeeded  by  layers 
ndstone,  somewhat  fissile,  the  whole  dipping  to  the  S.S.E.  at  an 
some  cases,  of  30°. 


SANDSTONE  OF  THE  SOUTHERN  SHORE. 

in  Keweenaw  Point  and  Isle  Royale,  there  is,  as  we  have  before 
,  an  immense  curvature  of  the  strata,  probably  reaching  five  hun- 
below  the  ocean  level.  A  narrow  belt  of  conglomerate  and  sand- 
*s  nearly  the  whole  southern  coast,  from  the  head  of  Keweenaw 
the  Montreal  river,  beyond  which,  the  latter,  no  longer  associated 
rser  bands,  rapidly  expands  in  width,  and  continues  to  Fond  du 
>r  the  most  part,  it  appears  in  low  ledges,  or  reefs,  along  the  lake 
t,  at  a  few  points,  it  rises  in  vertical  cUns,  which  afford  many  scenes 
beauty.  The  sketch  (Plate  IV),  entitled  "The  Castles,^'  repre- 
sandstone  as  it  appears  a  few  miles  above  the  portage — a  locality 
;  have  particularly  described  in  a  former  report, 
dded  trap  and  conglomerate  are  admirably  exhibited  on  Keweenaw 
d  in  many  places  in  the  Ontonagon  district ;  but  as  we  have  mi- 
scribed  the  geographical  distribution  of  all  the  trappean  rocks  of 
rith  the  associated  conglomerate  and  sandstone,  in  a  former  report, 
description  is  deemed  unnecessary. 

the  Bohemian  range  breaks  through  the  sandstone,  the  strata  on 

side  of  the  axis  are  observed  to  dip  at  an  angle  of  45°,  while  on 

the  dip  is  70°.    A  few  miles  removed,  southerly,  they  settle  down 

•rizontally,  or  present  a  series  of  long  and  gentle  flexures.     From 

broken  region  —  the  hills  rising  abruptly  to  an  altitude  of  nine 

feet  —  the  country  at  once  sinks  down  into  comparatively  ley^l 
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plains.     The  sketch  of  Mt.  Houghton  from  the  Bohemian  range  may  serve 
to  illustrate  the  topography  of  this  portion  of  the  region.  (Plate  V.) 

Between  the  trap  range,  and  the  granite  and  slate  region,  thei  e  is  a  valley 
eighty  miles  in  length  and  twenty  in  breadth,  mainly  occupied  by  sandstone; 
but  a  few  isolated  patches  of  the  lower  limestones  remain  as  monuments  to 
determine  the  age  of  their  deposition  and  reminci  the  geologist  of  the  extent 
of  the  subsequent  denudation.  These  lyere  fully  described  in  our  former 
report,  as  well  as  the  organic  remains  entombed  in  them.     Extensive 


de- 


posits  of  clay  prevail  throughout  this  valley,  so  that  the  subjacent  rock  h 
rarely  exposed.  One  of  the  best  exposures,  however,  of  the  jimction  of 
the  trap  and  sandstone,  along  the  southern  slope  of  the  axis,  occurs  in  the 
gorge  of  Trap-rock  river.  The  trap  here  rises  in  a  mural  cliff,  eighty  feet 
m  height,  intersected  by  different  planes  of  cleavage,  which  give  to  it  a 
stratiform  appearance.  Over  this,  the  stream  is  precipitated  by  a  succession 
of  leaps  into  a  rocky  basin  below,  and  thence  flows  through  a  gorge  lined 
on  either  side  by  walls  of  sandstone.  (Plate  VI.)  At  the  point  of  junc- 
tion the  trap  assumes  an  amygdaloidal  appearance  and  a  brick-red  color, 
and  some  portions  possess  a  slaly  cleavage.  Higher  up,  however,  it  becomes 
more  compact,  resembling  greenstone.  The  sandstone  differs  from  that 
which  occurs  on  the  northern  slope,  being  granular  and  almost  wholly  com- 
posed of  silicious  particles,  intermingled  with  pebbles  of  pure-white  quartz 
and  patches  of  dove-colored  slate  or  clay. 

Over  most  of  this  district,  the  sandstone  rests  in  a  nearly  horizontal  posi- 
tion ;  but  we  have  shown  that  it  has  been  subject  to  disturbances  over 
limited  areas.  Along  the  shores  of  Keweenaw  Bay,  it  rises  in  cliffs  of  coiy 
siderable  height,  and  the  strata  present  a  succession  of  gentle  undulations. 
Ai  we  approach  L'Anse,  the  dip  to  the  north-west  becomes  apparent.  Near 
the  head  of  the  bay,  the  sandstone  is  seen  reposing  unconformably  on  the 
slates  of  the  azoic  system,  leaving  no  doubt  that  both  groups  belong  to  dis- 
tinct geological  epochs,  and  were  produced  under  conditions  widely  different. 
(Vide  plate  XXI.,  figure  1.)  Its  external  characters  aind  its  relations  to 
the  slates  have  been  described  in  the  chapter  relating  to  the  azoic  system. 

The  projecting  spit  forming  Point  Abbaye,  on  the  eastern  side  of  Kewee- 
naw Bay,  is  of  this  rock,  and  cliffs  from  twenty  to  thirty  feet  in  height 
skirt  the  shore,  while  low  reefs  are  seen  near  the  water's  edge. 

The  sandstone,  in  numerous  places,  exhibits  a  stratification  like  that  re- 
presented in  the  annexed  figure.  (Fig.  11.) 

Fig.  11. 


Example  of  Diagonal  Stratification, 

This  stratification,  having  first  been  observed  in  the  bed  of  the  Rhone, 
was  called  stratification  torrentielle;  but  is  now  known  as  diagonal,  or  cro^  ^ 
stratification,  ft  is  found  to  pervade  the  detrital  rocks,  from  the  rec^"^^  ^ 
alluvial  deposits  to  the  sandstones  of  the  Silurian  system.  From  the  uum^'  ' 
rous  examples  of  diagonal  and  hoiizoutal  stratification  afforded  by  tb^ 
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Potsdam  sandstone,  it  would  appear  that  its  deposition  resulted  both  from 
mechanical  suspension,  and  the  pushing  of  the  materials  along  the  sea-bottom 
by  tidal  or  oceanic  currents.  Thus,  m  the  above  section,  taken  at  Point 
Abbaye,  the  beds  1,  3  and  5,  appear  to  have  been  deposited  from  materials 
mechanically  suspended ;  while  the  materials  composing  the  beds  2  and  4, 
were  drifted  by  oceanic  or  tidal  currents.  Again,  it  would  appear  that  the 
current,  which  drifted  the  materials  of  bed  2,  set  in  a  different  direction  from 
that  which  formed  the  bed  4» 

To  account  for  these  phenomena  it  is  not. necessary  to  suppose  that  there 
were  sudden  oscillations  of  the  land ;  they  are  such  as  might  result  from 
the  shifting  of  tidal  currents,  or  even  of  the  surface  winds.  The  import- 
ance of  these  facts,  as  indicating  a  shoal  bottom,  will  be  commented  upon, 
under  another  head. 

In  some  instances  w^here  the  observer  saw  only  a  diagonally  stratified 
bed,  he  might  mistake  for  local  disturbance,  what,  in  fact  was  the  result  of 
tranquil  deposition. 

East  of  Huron  bay,  the  sandstone  forms  a  narrow  belt,  rarely  exceeding 
three  miles  in  width,  along  the  lake  shore,  and  abuts  against  the  slates  and 
granites  on  the  south. 

Numerous  small  veins,  or  rather  joints,  containing  green  carbonate  and 

fjrey  sulphuret  of  copper  have  been  observed  in  ranges  29  and  30,  by  the 
ake  shore,  some  of  which,  in  the  early  days  of  copper  mining,  were  ex- 
plored, but  proved  of  no  economical  value.  They  bear  N.N.E.,  comciding 
with  one  of  the  systems  of  joints  which  here  prevail. 

Occasionally,  as  for  example,  near  the  head  of  Huron  bay,  a  knob  of 
hornblende  is  seen  rising  above  the  surrounding  country,  with  the  sandstone 
abutting  against  its  base,  in  nearly  horizontal  strata. 

At  Garlic  river,  and  probably  at  the  Huron  river,  the  continuity  of  the 
sandstone  is  interrupted  —  the  older  rocks  forming  for  some  distance  the 
coast  line. 

Granite  Point  affords  one  of  the  most  interesting  and  instructive  sections 
to   be  found  along  the  whole  coast  of  Lake  Superior.     A  dome-shaped 

Fig.  12. 
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Section  at  Granite  Point : —  Distance^  three  miles. 

1.  Granite.  3.  Grcenstonc  dykes,  terminating  in  the  granite. 

2.  Sandstone  with  occasional  bands  of  4.  Fissures  extending  fVom  the  granite  through     • 

conglomerate.  the  sandstone. 

nucleus  of  granite  (quartz  and  feldspar)  (1)  rises  to  the  height  of  seventy 
or  eighty  feet,  exhibiting,  w'here  the  overlying  sandstone  (2)  has  been  de- 
nuded, a  polished  and  rounded  outline,  like  a  reef  by  the  sea-side,  over 
which  the  surf  has  rolled  for  centuries.  Upon  this  ancient  surface,  the 
sandstone  has  been  deposited  in  nearly  horizontal  layers,  although  many  of 
the  beds  exhibit  in  a  very  striking  manner,  a  diagonal  stratification.  Dykes 
of  greenstone  (3)  traverse  the  nucleus,  but  in  no  case  penetrate  the  over- 
lying rock.  Fissures  (4)  however,  are  observ^ed  to  extend  uninterruptedly 
from  the  granite  into  the  sandstone,  and  the  lattei  ToeY\^  4^Y^\s^^  K^^SNa 
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coloring  matter  for  the  distanM  of  three  or  four  inches,  on  either  sade,  so 
that,  at  first  giance,  the  sandstone  appears  to  be  traversed  by  regular  and 
well-defined  veins  of  calc-spar,  as  represented  in  the  lollowing  diagram. 
(Fig.  13.)"     This  appearance  is  undoubtedly  due  to  the  agency  of  subte^ 

Fig.  13. 


Fissures  in  the  Sandstone  at  Granite  Paint. 

ranean  gases  which,  escaping  through  the  fissures,  discharged  the  colonng 
matter,  ny  reducing  the  peroxide  ofiron  to  the  protoxide. 

The  sandstone  here  is  clark-red  and  divided  into  numerous  layers,  through 
which  are  distributed  numerous  white,  circular  blotches, — a  pecuharity 
which  has  been  noticed,  at  intervals,  from  the  head  of  Keweenaw  Point  to 
Saut  Ste.  Marie.  They  vary  from  half  an  inch  to  an  inch  in  diameter,  and 
often  enclose  a  dark  speck  in  the  centre.  They  are  found  to  be  spheres, 
instead  of  superficial  films,  antj  dilTer  in  no  respect  in  structure  from  the  en- 
closing mass,  except  that  the  coloring  matter,  which  consists  of  peroxide  of 
iron,  IS  driven  on.  The  dark  spot  in  the  centre  may  be  the  remauis  of 
some  organic  substance,  which,  in  the  process  of  decomposition,  has  dis- 
charged the  coloring  matter  in  the  immediate  vicinity. 

Mr.  Miller  has  described  similar  blotches  as  occurring  in  the  old  red-sand- 
stone of  Scotland.  "  In  a  print-work,  the  whole  web  is  frequently  thrown 
into  a  vat  and  dyed  one  color ;  but  there  afterwards  comes  a  discharging 
process.  Some  chemical  mixture  is  dropped  on  the  fabric ;  the  dye  disap- 
pears wherever  the  mixture  touches ;  and  in  leaves  and  sprigs  and  patches, 
according  to  the  printer's  pattern,  the  cloth  assumes  its  original  white. 
Now,  the  colored  deposits  of  the  old  red  sandstone  have,  in  like  manner, 
been  subjected  to  a  discharging  process.  The  dye  has  disappeared  in  oblong 
or  circular  patches  of  various  sizes  from  the  eighth  of  an  inch  to  a  foot  in 

'  The  InfM  of  St.  Calogero,  situsted  in  the  largest  of  the  Lipari  iBlands,  according  to 
HoObiann,  ext«ad  (br  fbur  miles  along  tbe  coast,  fbnning  clltfa  more  tban  two  LDodriBd  feet 
high.  The  strata  have,  in  many  places,  been  diftcotorpil  and  strangely  altered  by  tha  pene- 
trating  vapors.  Dark  clays  have  become  yellov,  or  oflen  snow-white )  or  bavo  usumed  a 
tJieqaered  or  breceiAted  appearance,  bebg  cigssed  by  tciru^nouB  ted  itripes, 
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diameter,  the  original  while  has  taken  its  place,  and  so  thick  are  some  of 
these  speckles  groujx^d  in  some  of  the  darker  tinted  beds,  that  the  surfaces, 
where  washed  by  the  sea,  present  the  appearance  of  sheets  of  calico.  The 
discharging  agent  was  organic  matter ;  the  uncolored  patches  are  no  mere 
surface  films,  Tor,  when  cut  at  right  angles,  their  depth  is  found  to  corre- 
spond with  their  breadth ;  the  circle  is  a  sphere,  the  ellipsis  forms  the  sec- 
tion of  an  egg-shaped  body,  and  in  the  centre  of  each  we  generally  find  traces 
3f  the  organism,  in  whose  decay  it  originated.  I  have  repeatedly  found 
jingle  scales  in  the  ichthyolite  beds,  surrounded  by  uncolored  spheres  about 
the  size  of  musket-bullets."* 

Thin  bands  of  conglomerate,  charged  with  pebbles  of  white  and  yellow 
quartz,  occur  at  frequent  intervals,  and  occasionally  angular  fragments  of 
granite,  derived  from  the  immediate  neighborhood,  are  observed.  On  the 
nain  shore,  the  granite  rises  in  an  abrupt  hill,  two  or  three  hundred  feet  in 
leight,  and  stretches  away  inland,  while  the  sandstone  is  folded  around  its 
jase  in  nearly  horizontal  strata ;  so  that  there  is  no  doubt  that  the  latter 
ibrmation  was  deposited  in  an  erosion  of  the  former,  l^der  such  circum- 
stances, we  might  expect  that  there  would  be  waves  and  shifting  currents 
ind  eddies,  which,  acting  upon  the  incoherent  ^ass  of  sand,  would  cause 
:he  subordinate  layers  to  be  deposited  unconformably  with  the  main  ones. 

From  all  of  the  facts,  we  infer  that  the  following  was  the  order  in  the 
succession  of  events : 

1.  That  the  granite  w^as  raised,  and  its  ancient  surface  water-worn,  before 
the  deposition  of  the  sandstone. 

2.  That  the  dykes  of  greenstone  were  protruded  before  the  deposition  of 
the  sandstone. 

3.  That  the  sandstone  was  deposited  over  an  unequal  surface,  amid  shift- 
ing currents  and  eddies,  giving  rise  to  cross-stratification. 

4.  That  one  system  of  fissures  communicating  with  the  interior,  was 
formed  more  recently  than  the  sandstone,  and  that,  through  them,  the  gases 
escaped,  bleaching  the  overlying  rocks. 

Fig.  14. 


Section  at  Presqu^isle. 

1.  Granite,  coiuposed  ol' Icldspar  and  quartz.  3.  Volcanic  ash. 

2.  Durk-gieen,  maguc»iun  rock  (trappcan).  4.  Sandstone. 

Presqu'isle  affords  a  section  equally  instructive.  (Fig.  14.)  A  short  dis- 
-ance  from  the  shore,  two  granite  islets  (1)  are  observed  rising  a  few  feet 
ibove  the  surface  of  the  lake.  A  bold  promontory  (2)  juts  into  the  water, 
:ionsisting  of  a  dark-colored  ferruginous  and  magnesian  rock,  evidently 
trappean  in  its  origin,  although  it  contains  nearly  ten  per  cent,  of  water. 
^For  an  analysis  of  this  rock,  see  chapter  on  the  chemical  composition  of 
the  igneous  rocks).  It  rises  in  overhanging  cliffs,  which  occasionally  as- 
sume a  columnar  structure.     The  outline  of  this  mass  is  very  irregular,  and 

•  Old  Rod  Sandstone,  p.  U34,  American  Edition.    Also,  Professor  FlcmiavML  Vn  C\tfii«^V% 
Edinburgh  Journal,  1 83 1 . 
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resembles  an  immense  consolidated  lava-stream,  except  that  the  vesicular 
stricture  is  wanting.  To  the  north,  the  surface  of  the  igneous  rock  is  bare; 
but,  on  the  eastern  side,  it  is  covered  in  places  with  a  rudely  stratified  mass, 
which  appears  to  have  been  deposited  in  the  inequalities  of  the  preexisting 
surface.  It  resembles  a  volcanic  sand,  or  ash,  portions  of  it  being  com- 
posed of  a  scoriaceous  mass  of  a  light-brown  color,  and  reticulated  with 
numerous  veins  of  a  white  mineral,  portions  of  which  are  calcareous,  and 
others  silicious.  In  some  instances,  these  reticulations  penetrate  to  a  limited 
extent  the  underlying  rock ;  but,  for  the  most  part  are  restricted  to  the  ash. 
This  attains,  in  places,  a  thickness  of  seventy  or  eighty  feet,  but  is  very 
unequally  distributed. 

On  the  west  side  of  Presqu'isle,  at  the  point  of  contact  between  the 
igneous  and  sedimentary  (pluto-neptunian)  rocks,  their  character  is  com- 
pletely changed,  and  they  have  become  impregnated  with  metallic  emana- 
tions from  below.  The  sulphurets  of  lead,  copper,  and  iron,  occur  here  in 
small  quantities  in  a  pseudo- vein,* while  the  containing  rock  exhibits  a  strong 
tendency  towards  a  concretionary  structure. 

Above  the  last  described  deposit,  we  meet  with  the  sandstone  in  nearly 
horizontal  layers.  From  jts  base  upward,  for  six  feet,  it  contains  rounded 
fragments  of  quartz  and  granite,  with  angular  fragments  of  agate  and 
jasper.  The  prevailing  tint  of  the  rock  is  dark-red;  and,  intermingled 
with  the  silicious  particles,  are  to  be  seen  minute  spangles  of  specular  oxide 
of  iron.  Higher  up,  the  layers  exhibit  a  yellow  tint.  Traces  of  green 
carbonate  of  copper  are  abundant ;  in  fact,  they  pervade  this  rock  from  the 
Huron  mountains  to  the  Grand  Sable. 

At  Middle  island,  the  sandstone  is  seen  reposing  on  the  granite  with  an 
mclination  of  7°  to  the  S.E.  Below  Little  Presqu'isle,  it  is  occasionally 
detected  forming  reefs  by  the  lake  shore,  abutting  against  the  older  rocks. 
A  patch,  less  than  a  half  mile  in  width,  extends  from  the  shore  up  the  valley 
of  Carp  river  for  two  miles,  enclosed  between  high  walls  of  quartzose 
rocks.  It  was  observed  by  Mr.  Hill  in  the  bed  of  the  stream  and  in  the  ad- 
joining banks  to  the  height  of  seventy  feet. 

Insulated  patches  are  never  met  with  at  a  greater  elevation  than  three 
hundred  and  fifty  feet  above  the  lake,  and  hence  we  infer  that  the  more 
elevated  portions  of  the  granites  and  slates  rose  above  the  surface  of  the 
ocean  in  which  the  sandstone  was  deposited.  If  this  was  not  the  case,  we 
should  expect  to  find  traces  of  it  in  the  sheltered  valleys ;  for  wc  cannot 
conceive  of  an  abrasion  so  thorough  and  effectual  as  to  sweep  away  the 
overlying  strata,  without  leaving  behind  even  a  block  or  pebble.  The 
barometrical  observations  extended  over  this  region  by  the  two  corps,  when 
collated,  will  enable  us  to  determine  the  contours  of  this  ancient  island 
which  rose  above  the  surface,  when  a  wide  waste  of  waters  covered  nearly 
all  of  the  habitable  portions  of  the  United  States. 

A  short  distance  below  Carp  river,  the  sandstone  is  again  exposed  by  the 
lake  shore,  in  contact  with  quartz.  The  latter  rock  exhibits  ripple-marked 
surfaces  and  distinct  lines  of  bedding  which  bear  east  and  west  and  dip  south 
at  an  angle  of  86"^. 

The  surface  of  the  quartz,  where  the  sandstone  is  removed,  is  rounded  and 

Klished  like  that  ot  the  granite  before  described,  and  it  is  only  where  the 
ce  surge  has  undermined  the  cliff  that  the  true  character  of  the  mass  is 
revealed.  While  the  more  ancient  beds  are  thus  displayed  in  a  nearly  vertical 
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he  raoro  recent  nii.'  seen  ilrjjosilcd  around  them  nearly  horizontally, 
itions  to  each  other  are  exhibited  in  the  accompanyiDg  diagram. 


Section  near  Carp  river. 
Liidstone  horizontatlj  (trstificd.  b.  b.  Beds  of  qusrtz  nearly  veni.-nl. 

plaee,  the  sandstone  has  been  ilepositeil  in  a  wide  fissure  in  the 
sembling  fhe  matrix  of  a  vein.  Upon  the  suriaces  of  the  quartz 
rave-lines,  as  though  made  by  water  at  the  period  of  its  deposi- 
i3  vicinity  affords  conclusive  evidence  that  the  sandstone  has  been 
to  repeateil  oscillatory  movements  since  its  consolidation;  for, 
^omes  in  contact  witli  the  preexisting  rocks,  the  ends  of  the  strata 
J  off  and  polished,  like  the  walls  of  a  vein.  Dislocations  in  the 
L  feet  in  a  vertical  direction  were  observed,  and  also,  instances 
y  were  bent  up  and  broken  off;   but  at  what  period  these  took 

have  no  means  of  determining.  Beyond  Chocolate  river,  the 
led  for  some  distance  with  sand  dunes ;  but  the  sandstone  is  occa- 
*n  at  the  water's  edge,  in  low  ledges,  or  reefs,  and  is  undoubtedly 
jinc  rock  as  far  as  Saut  Ste.  Marie,  occupying  a  zone  from  six 

miles  in  width.  Another  portion  of  it  starts  from  Chocolate 
,  sweeping  round  the  granitic  and  metamorphic  rocks,  but  con- 
>  their  outlines,  crosses  the  Rscanaba  and  Menomonee  rivers,  and 
prolonged  into  Wisconsin.  Here,  its  trend  for  some  distance  is 
ith  the  western  coast  of  lake  Michigan,  when,  curving  rapidly,  it 
h  and  connects  with  the  Lake  Superior  sandstone  near  the  head 
e. 

:ume  our  description  of  the  character  of  the  sandstone,  as  dis- 
)ng  the  south-eastern  shore  of  Lake  Superior.  From  the  head  of 
md,  and  thence  easterly  for  ten  miles,  it  rises  from  the  immediate 
)oId,  mural  cliffs,  extending  not  in  a  direct  line,  but  en  echelon — 
irtions  of  the  wall  being  in  advance  of  the  others.  The  forest 
ch  consist  of  birch,  maple,  cedar,  and  spruce,  cover  the  summits 
■y  verge,  and,  occasionally^,  a  stream  of  water  \s  seen  Vo  Sssaa  Sxani. 
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the  leafy  canopy,  and  precipitate  itself,  with  an  unbroken  leap,  into  the 
lake. 

The  lower  portion  of  the  cliffs  consists  of  a  brick-red,  h-on  sand,  while 
the  upper  is  grey,  or  yellow,  and  contains  sufficient  carbonate  of  lime  to 
cause  a  feeble  effervescence  with  acids.  The  whole  mass  is  distinctly  stra- 
tified, and  dips  slightly  to  the  south-south-east.  This  is  not  so  apparent  on 
the  main  shore,  where  the  trend  of  the  lake  and  the  strike  of  the  strata  are 
nearly  conformable ;  but,  in  approaching  Grand  island  from  the  north-east, 
where  the  strata  are  for  miles  exposed,  not  only  longitudinally,  but  trans- 
versely, this  south-south-east  dip  is  clearly  displayed. 

Grand  island  affords  one  of  the  most  beautiful  and  sheltered  harbors  in ' 
the  world.  In  approaching  it  from  the  east,  the  voyageur  passes  along  the 
base  of  the  cliffs  before  described,  which  form  an  immense  sea-wall,  and 
oppose  the  further  encroachments  of  the  water.  (Plate  VII.)  Having 
passerl  a  projecting  hook,  he  finds  himself  within  a  harbor  completely  land- 
locked, with  secure  anchorage,  and  a  depth  of  water  sufficient  to  enable  him 
to  moor  his  craft  within  a  few  lengths  of  the  shore. 

These  rocks,  at  many  points,  are  tinted  white,  red,  yellow,  and  green,  by 
oxide  of  iron,  carbonate  of  copper,  and  saline  incrustations,  and  the  tints 
extend  upward,  from  the  water's  edge,  in  broad  stripes,  not  dull  and 
blended,  but  brilliant  and  well-defined.  When  the  whole  fac^  of  a  cliff  is 
lighted  up  by  a  clear  sunlight,  the  effect  is  magical.  The  water  flowing 
from  above,  down  the  transverse  fissures,  has  furrowed  the  escarpments  of 
the  cliff  into  deep  channels,  while  the  heavy  surf  of  the  lake  has  excavated 
numerous  caverns  in  its  base.  Thus,  by  the  combined  action  of  the 
elements,  these  rocks  have  been  wrought  into  forms  resembling  towers, 
battlements,  domes,  and  gateways. 

PICTURED   ROCKS.      • 

The  range  of  cliffs,  to  which  the  name  of  the  Pictured  Rocks  has  been 
given,  may  be  regarded  as  among  the  most  striking  and  beautiful  features 
of  the  scenery  of  the  north-west,  and  are  well  worthy  of  the  attention  of 
the  artist,  of  the  lover  of  the  grand  and  beautiful,  and  of  the  observer  of 
geological  phenomena. 

Although  occasionally  visited  by  travellers,  a  full  and  accurate  descrip- 
tion of  this  extraordinary  locality  has  not  as  yet  been  communicated  to  the 
public* 

This  deficiency  we  shall  attempt  to  supply,  partly  by  written  descrip- 
tions, and  partly  by  a  series  of  illustrations,  which,  however  deficient  in 
artistic  effect,  have,  we  believe,  the  merit  of  being  careful  copies  from 

•  Schoolcraft  has  undertaken  to  describe  this  range  of  cliffs,  and  .illustrate  the  scenery. 
The  sketches  do  not  appear  to  have  been  made  on  the  spot,  or  finished  by  one  who  was 
acquainted  with  the  scenery,  as  they  bear  no  resemblance,  so  far  as  we  observed,  to  any 
of  the  prominent  features  of  the  Pictured  Rocks.  On  the  title-page  of  his  narrative,  he  has 
figured  the  «  Doric  Kock,"  but  it  is  impossible  for  us  to  make  out  what  particular  point  it 
was  intended  to  represent.  r 

It  is  a  matter  of  surprise  that,  so  far  as  we  know,  none  of  our  artists  have  visited  this 
region,  and  given  to  the  world  representations  of  scenery  so  striking,  and  so  difiCerent  from 
any  which  can  be  found  elsewhere.  Wo  can  hardly  conceive  of  anything  more  worthy  ot 
the  artist's  pencil ;  and,  if  the  tide  of  pleasure-travel  should  once  be  turned  in  this  direc- 
tion, it  seems  not  unreasonable  to  suppose  that  a  fashionable  hotel  may  yet  be  built  under 
the  shade  of  the  pine  groves,  near  the  Chapel,  and  a  trip  thither  become  as  common  aa  one 
to  NmgATSi  now  is. 
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nature.     Though   necessarily   on   a   small   scale,  they  convey  a  correct 
general  klea  of  the  most  striking  and  characteristic  features  of  the  scenery. 

The  Pictured  Rocks  may  be  described,  in  general  terms,  as  a  series  of 
sandstone  bluffs  extending  along  the  shore  of  Lake  Superior  for  about  five 
miles,  and  rising,  in  most  places,  vertically  from  the  water,  without  any 
beach  at  tlie  base,  to  a  height  varying  from  fitly  to  nearly  two  hundred 
feet.  Were  they  simply  a  line  of  cliffs,  they  might  not,  so  far  as  relates  to 
height  or  extent,  be  worthy  of,  a  rank  among  great  natural  curiosities, 
although  such  an  assemblage  of  rocky  strata,  washed  by  the  waves  of  the 
great  Jake,  would  not,  under  any  circumstances,  be  destitute  of  grandeur, 
f  o  the  voyager,  coasting  along  their  base  in  his  frail  canoe,  they  would,  at 
all  times,  be  an  object  of  dread ;  the  recoil  of  the  surf,  the  rock-bound 
coast,  affording,  for  miles,  no  place  of  refuge,^the  lowering  sky,  the  rising 
wind ;  all  these  would  excite  his  apprehension,  and  induce  him  to  ply  a 
vigorous  oar  until  the  dreaded  wall  was  passed.  But,  in  the  Pictured 
Rocks,  there  are  two  features  which  communicate  to  the  scenery  a  wonder- 
ful and  almost  unique  character.  These  are,  first,  the  curious  manner  in 
which  the  cliffs  have  been  excavated,  and  worn  away  by  the  action  of  the 
lake,  which,  for  centuries,  has  dashed  an  ocean-like  surf  against  their  base; 
and,  second,  the  equally  curious  manner  in  which  large  portions  of  the  sur- 
face have  been  colored  by  bands  ef  brilliant  hues. 

It  is  from  the  latter  circumstance  that  the  name,  by  which  these  cliffs  are 
known  to  the  American  traveller,  is  derived ;  while  that  applied  to  them 
by  the  French  voyageurs  ('^  Les  Portails"*)  is  derived  from  the  former,  and 
by  far  the  most  striking  peculiarity. 

The  term  Pictured  Rocks,  has  been  in  use  for  a  great  length  of  time : 
but  when  it  was  first  applied,  we  have  been  unable  to  discover.  It  would 
seem  that  the  first  travellers  were  more  impressed  with  the  novel  and 
striking  distribution  of  colors  on  the  surface,  than  with  the  astonishing 
variety  of  form  into  which  the  cliflfs  themselves  have  been  worn. 

The  Indian  name  applied  to  these  cliffs,  according  to  our  voyageurs,  is 
Schkuee-archihi-kungy  or  "  The  end  of  the  rocks,^^  which  seems  to  refer  to 
the  fact  that,  in  descending  the  lake,  after  having  passed  them,  no  more 
rocks  are  seen  along  the  shore.  Our  voyageurs  had  many  legends  to  relate 
of  the  pranks  of  the  Menni-bojou  in  these  caverns,  and,  in  answer  to  our 
inquiries,  seemed  disposed  to  fabricate  stories,  without  end,  of  the  achieve- 
ments of  this  Indian  deity. 

We  will  describe  the  most  interesting  points  in  the  series,  proceeding  from 
west  to  east.     On  leaving  Grand  island  harbor,!  high  cliflfs  are  seen  to  thi* 


•  Le  Portail  is  a  French  term,  signifying  tlic  principal  entrance  of  a  church,  or  a  i)ortal, 
and  this  name  was  given  to  the  Pictured  Rocks  by  the  voyageurs,  evidently  in  allusion  to 
the  arched  entrances  which  constitute  the  most  characteristic  feature.  Le  Grand  PortxiH  U 
the  great  archway,  or  grand  portal. 

f  The  traveller,  desirous  of  visiting  this  scene,  should  take  advantage  of  one  of  the  pro- 
^Uers  which  navigate  the  lake,  and  land  at  Grand  island,  from  which  he  can  proceed  to 
cuake  the  tonr  of  the  interesting  points,  in  a  small  boat.  The  largo  vessels  on  the  lake  tl<> 
lot  approach  sufficiently  near  the  cliffs  to  allow  the  traveller  to  gather  more  than  a  general 
<iea  of  their  position  and  outlines.  To  be  able  to  appreciate  and  understand  their  extraor- 
dinary character,  it  is  indispensable  to  coast  along  in  close  proximity  to  the  cliff's,  and  pass 
beneath  the  Grand  Portal,  which  is  only  accessible  from  the  lake,  and  to  land  and  enter 
i^thin  the  precincts  of  the  Gbai)el.  At  Grand  island,  boats,  men,  and  provisions  may  be 
>xoci]Ted.  The  traveller  should  lay  in  a  good  supply,  if  it  is  intended  to  be  absent  long 
&»€ioa^  to  make  a  thorough  examination  of  the  wholC'Series.  In  fact,  an  old  voyager  will 
:^«ot  readily  trust  himself  to  the  mercy  of  the  winds  and  waves  of  the  lak^NnV^igivxX.  V)Ci«ai^  «j^\w<^ 
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east,  which  form  the  commencement  of  the  series  of  rocky  promontories, 
represented  in  Plate  VII.,  before  referred  to,  which  rise  vertically  from  the 
water  to  the  height  of  from  one  hundred  to  one  hundred  and  twenty-five 
feet,  covered  with  a  dense  canopy  of  foliage.  Occasionally,  a  small  cas- 
cade may  be  seen  falling  from  the  verge  to  the  base  in  an  unbroken  curve, 
or  gliding  down  the  inclined  face  of  the  cliff  in  a  sheet  of  white  foam.  The 
rocks  at  this  point  begin  to  assume  fcxntastic  shapes ;  but  it  is  not,  imtil 
having  reached  Miners'  river,  that  their  striking  peculiarities  are  observed. 
Here,  the  coast  makes  an  abrupt  turn  to  the  eastward,  and  just  at  the  point 
where  the  rocks  break  off  and  the  friendly  saiid-beach  begins,  is  seen  one 
of  the  grandest  works  of  nature  in  her  rock-built  architecture.  This  is  re- 
presented in  Plate  VIII. ,  and,  as  we  could  not  learn  that  it  had  received  a 
distinctive  appellation,  we  gave  to  it  the  name  of  "  Miners'  Castle,"  from 
its  singular  resemblance  to  the  turreted  entrance  and  arched  portal  of  some 
old  castle  —  for  instance,  that  of  Dumbarton.  An  inspection  of  the  plate 
will  exhibit  the  principal  features  more  correctly  than  an  elaborate  written 
description.  The  height  of  the  advancing  mass,  in  which  the  form  of  the 
Gothic  gateway  may  be  recognized,  is  about  seventy  feet,  while  that  of  the 
main  wall  forming  the  background  is  about  one  hundred  and  forty.  The 
appearance  of  the  openings  at  the  base  changes  rapidly  with  each  change 
in  the  position  of  the  spectator.  On  taking  a  position  a  little  farther  to  the 
right  of  that  occupied  by  the  sketcher,  the  central  opening  appears  more 
distinctly  flanked  on  either  side  by  two  lateral  passages,  making  the  resem- 
blance to  an  artificial  work  still  more  striking. 

A  little  farther  east.  Miners'  river  enters  the  lake,  close  under  the  brow 
of  the  cliff,  which  here  smks  down  and  gives  place  to  a  sand-bank  nearly  a 
third  of  a  mile  in  extent.  The  river  is  so  narrow,  that  it  requires  no  small 
skill  on  the  part  of  the  voyager  to  enter  its  mouth  when  a  heavy  sea  is 
rolling  in  from  the  north.  On  the  right  bank,  a  sandy  drift  plain,  covered 
with  Norway  and  Banksian  pine,  spreads  out,  affording  good  camping- 
ground —  the  only  place  of  refuge  to  the  voyager  until  he  reaches  Chapel 
river,  five  miles  distant,  if  we  except  a  small  sand  beach  about  midway  be- 
tween the  two  points,  where,  in  case  of  necessity,  a  boat  may  be  beached. 

Beyond  the  sand  beach  at  Miners'  river,  the  cliffs  attain  an  altitu.le  of 
one  hundred  and  seventy-three  feet,  and  maintain  a  nearly  uniform  height 
for  a  considerable  distance.  Here,  one  of  those  cascades  of  which  we  have 
before  spoken,  is  seen  foaming  down  the  rock.  The  cliffs  do  not  form 
straight  lines,  but  rather  arcs  of  circles,  the  space  between  the  projecting 

{)oints  having  been  worn  out  in  symmetrical  curves,  some  of  wliich  are  of 
arge  dimensions.  To  one  of  the  grandest  and  most  regularly  forme«l,  we 
gave  the  name  of  "The  Amphitheatre;"  this  is  represented  in  Plate  IX. 
Looking  to  the  west,  another  projecting  point  —  its  base  worn  into  cave- 
like forms  —  and  a  portion  of  the  concave  surface  of  the  intervening  space ' 
are  seen. 

It  is  in  this  portion  of  the  series,  that  the  phenomena  of  colors  are  most 
beautifully  and  conspicuously  displayed.  These  cannot  be  illustrated  by  a 
mere  crayon  sketch,  but  would  require,  to  reproduce  the  natural  effect,  an 
elaborate  drawing  on  a  large  scale,  in  which  the  various  combinations  of 


may  not  unfrequently,  however  auspicious  the  weather  when  starting,  find  himself  weather- 
tx>und  for  days  together.    It  is  possible,  Jiowever^  In  one  day,  to  start  from  Grand  island, 
see  the  most  interesting  points,  and  return.    The  distance  from  "Williams's  to  the  Cha^Vel— . 
the /krtbest  point  of  interest  —  Is  aliout  fiflcon  miles. 
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color  sliould  be  carefully  represented.  These  colors,  do  not,  by  any  means, 
cx»ver  the  whole  surface  of  the  cliff  even  where  they  are  most  conspicuously 
displayed,  but  are  confined  to  certain  portions  of  the  cliffs  in  the  vicinity 
3f  the  Amphitheatre ;  —  the  great  mass  of  the  surface  presenting  the  natu- 
ral,  light-yellow,  or  raw-sienna,  color  of  the  rock.  The  colors  are  also 
limited  in  their  vertical  range,  rarely  extending  more  than  thirty  or  forty 
eet  above  the  water,  or  a  quarter,  or  a  third,  of  the  vertical  height  of  the 
:liff.  The  prevailing  tints  consist  of  deep-brown,  yellow  and  grey  —  bumt- 
iienna  and  French-grey  predominating.  There  are  also,  bright  blues  and 
screens,  though  less  frequent.  All  of  the  tints  are  fresh,  brilliant  and  dis- 
inct,  and  harmonize  admirably  with  one  another,  which,  taken  in  connec- 
ion  with  the  grandeur  of  the  arched  and  cavemed  surfaces  on  which  they 
ire  laid,  and  the  deep  and  pure  green  of  the  water  which  heaves  and  swells 
it  the  base,  and  the  rich  foliage  which  waves  above,  produce  an  effect  truly 
vonderful. 

They  are  not  scattered  indiscriminately  over  the  surface  of  the  rock,  but 
ire  arranged  in  vertical  and  parallel  bands,  extending  to  the  water's  edge. 
The  mode  of  their  production  is  undoubtedly  as  follows :  Between  the  bands, 
)r  strata,  of  thick-bedded  sandstone,  there  are  thin  seams  of  shaly  materials 
vhich  are  more  or  less  charged  with  the  metallic  oxides,  iron  largely  pre- 
(ominating,  with  here  and  there  a  trace  of  copper.  As  the  surface-water 
►erineates  through  the  porous  strata,  it  comes  in  contatJt  with  these  shaly 
>ands,  and,  oozing  out  from  the  exposed  edges,  trickles  down  the  face  of 
he  cliffs  and  leaves  behind  a  sediment,  colored  according  to  the  oxide  which 
5  contained  in  the  band  in  which  it  originated.  It  cannot,  however,  be 
ienied  that  there  are  some  peculiarities  which  it  is  difficult  to  explain  by 
ny  hypothesis. 

On  first  examining  the  Pictured  Rocks,  we  were  forcibly  struck  with  the 
rilliancy  and  beauty  of  the  colors,  and  wondered  why  some  of  our  predeces- 
3rs,  in  their  descriptions,  had  hardly  adverted  to  what  we  regarded  as 
lieii*  most  characteristic  feature.  At  a  subsequent  visit,  we  were  sur- 
ri«'d  to  find  that  the  effect  of  the  colors  was  much  less  striking  than  be- 
)re  ;  they  seemed  faded  out,  leaving  only  traces  of  their  former  brilliancy, 
0  that  the  traveller  might  regard  this  as  an  unimportant  feature  in  the 
cenery.  It  is  difficult  to  account  for  this  change,  but  it  may  be  due  to 
he  dryness  or  humidity  of  the  season.  If  the  colors  are  produced  by  the 
ercolation  of  the  water  through  the  strata,  taking  up  and  depositing  the 
oloied  sediments,  as  before  suggested,  it  is  evident  that  a  long  period  of 
rought  would  cut  off  the  supply  of  moisture,  and  the  colors,  being  no 
DngcT  renewed,  would  fade  and  finally  disappear.  This  explanation  seems 
easonable,  for  at  the  time  of  our  second  visit,  the  beds  of  the  streams  on 
he  s'lmmit  of  the  table-land  were  dry. 

It  is  a  curious  fact,  that  the  colors  are  so  firmly  attached  to  the  surface 
hat  they  are  very  little  affected  by  rains,  or  the  dashing  of  the  surf,  since 
bey  were,  in  numerous  instances,  observed  extending  in  all  their  freshness, 
o  thi".  very  water's  edge. 

Proceeding  to  the  eastward  of  the  Amphitheatre,  we  find  the  cliffs 
cooped  out  mto  caverns,  and  grotesque  ojxjnings,  of  the  most  striking  and 
^aut.ful  variety  of  fonns.  In  some  places,  huge  blocks  of  sandstone  have 
►ccome  dislodged,  and  accumulated  at  the  base  of  the  cliff,  where  they  are 
pround  up,  and  the  fragments  borne  away,  by  the  ceaseless  action  of  the 
urge. 
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A  striking  group  of  detached  blocks  is  represented  in  Plate  X.  To  tte, 
the  name  of**  Sail  Rock'*  has  been  given  from  its  striking  resemblance  to 
the  jib  and  mainsail  of  a  sloop  when  spread  —  so  much  so,  that,  when  viewed 
from  a  distance,  with  a  full  glare  of  light  upon  it,  while  the  cliff  in  the  rear 
is  left  in  the  shade,  the  illusion  is  perfect.  This  is  represented  in  PJate  XI. 
but,  unfortunately,  the  lithographer  has  thrown  a  shade  over  both  cliff  and 
sail.     The  height  of  the  bloclc  is  about  forty  feet. 

Mfisses  of  rock  are  frequently  dislodged  from  the  cliff,  if  we  may  judge 
from  the  freshness  of  the  fracture,  and  the  appearance  of^he  trees  involved 
m  the  descent.  The  rapidity  with  which  this  undermining  process  is  carried 
on,  at  many  points,  will  be  readily  appreciated,  when  we  consider  that  the 
cliffs  do  not  form  a  single,  unbroken  line  of  wall ;  but,  on  the  contrary, 
they  present  numerous  salient  angles  to  the  full  force  of  the  waves.  A 
projecting  corner  is  undermined  until  the  superincumbent  weight  becomes 
too  great,  the  overhanging  mass  cracks,  and,  aided  perhaps  by  the  power  of 
frost,  gradually  becomes  loosened,  and  finally  topples,  with  a  crash,  into 
the  lake. 

The  same  general  arched  and  broken  line  of  cliffs  borders  the  coast  for  a 
mile  to  the  eastward  of  Sail  Rock,  where  the  most  imposing  feature  in  the 
series  is  reached.  This  is  the  Grand  Portal  —  Le  Grand  Port  ail  of  the 
voyageurs.  The  annexed  Plate,  No.  XII.,  is  a  representation  of  this  arch, 
though  it  conveys  but  an  imperfect  idea  of  its  vastness  and  grandeur.  The 
general  disposition  of  the  arched  openings,  which  traverse  this  great  quadri- 
lateral mass,  may,  perhaps,  be  made  intelligible  without  the  aid  of  a  ground- 
f)lan.  The  main  body  of  the  structure  consists  of  a  vast  mass  of  a  recti- 
inear  shape,  projecting  out  into  the  lake  about  six  hundred  feet,  and 
presenting  a  front  of  three  hundred  or  four  hundred  feet,  and  rising  tea 
height  of  about  two  hundred  feet.  An  entrance  has  been  excavated  from 
one  side  to  the  other,  opening  out  into  large  vaulted  passages  which  com- 
municate with  the  great  dome,  some  three  hundred  feet  from  the  front  of 
the  cliff.  The  Grand  Portal,  which  opens  out  on  the  lake,  is  of  magnifi- 
cent dimensions,  being  about  one  hundred  feet  in  height,  and  one  hundred 
and  sixty-eight  feet  broad  at  the  water  level.  The  distance  from  the  verge 
of  the  cliff,  over  the  arch,  to  the  water,  is  one  hundred  and  thirty-three 
feet,  leaving  thirty-three  feet  for  the  thickness  of  tlie  roek  above  the  arch 
itself.  The  extreme  height  of  the  cliff  is  about  fifty  feet  more,  making,  in 
all,  one  hundred  and  eighty-three  feet.  In  addition  to  these  main  passages, 
there  are  numerous  other  openings,  smaller  and  intricately  formed,  some  of 
which  are  seen  in  the  foregoing  sketch,  at  the  water's  edge. 

It  is  impossible,  by  any  arrangement  of  words,  or  by  any  combination  of  ! 
colors,  to  convey  an  adequate  idea  of  this  wonderful  scene.  The  vast 
dimensions  of  the  cavern,  the  vaulted  passages,  the  varied  effects  of  the 
light  as  it  streams  through  the  great  arch  and  falls  on  the  different  objects, 
the  deep  emerald-green  of  the  water,  the  unvarying  swell  of  the  lake, 
keeping  up  a  succession  of  musical  echoes,  the  reverberations  of  one's  own 
voice  coming  back  with  startling  effect,  —  all  these  must  be  seen,  and 
heard,  and  felt,  to  be  fully  appreciated. 

Beyond  the  grand  portal,  the  cliffs  gradually  diminish  in  hein^ht,  and  the 
general  trend  of  the  coast  is  more  to  the  south-east ;  hence,  the  rock  being 
less  exposed  to  the  force  of  the  waves,  bears  fewer  marks  of  their  destruc- 
tive action.    The  entrance  to  Chapel  river  is  at  the  most  easterly  extremity     " 
of  a  sandy  beach,  which  extends  for  a  quarter  of  a  mile,  and  afibrds  a  con-  — 
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venient  landing-plare,  while  the  drift-terrace,  elevated  about  thirty  feet 
above  the  lake-level,  being  an  open  pine  plain,  affords  excellent  camping- 
ground,  and  is  the  most  central  and  convenient  spot  for  the  traveller  to 
pitch  his  tent,  while  he  examines  the  most  interesting  localities  in  the  series 
which  occur  in  this  vicinity :  to  wit,  the  Grand  Portal  and  the  Chapel. 

The  Chapel — la  Chapelle  of  the  voyageurs — if  not  the  grandest,  is 
among  the  most  grotesque  of  nature's  architecture  here  displayed*  The 
three  views  (Plates  XIIL,  XIV.,  XV.,)  convey  a  faithful  idea  of  its 
appearance  a&  seen  from  the  east  and  the  west,  as  well  as  its  interior. 
Lnlike  the  excavations  before  described,  which  occur  at  the  water's  edge, 
thb  has  been  made  in  the  rock  at  a  height  of  thirty  or  forty  feet  above  flie 
lake.  The  interior  consists  of  a  vaulted  apartment,  which  has  not  inaptly 
received  the  name  it  bears.  An  arched  roof  of  sandstone,  from  ten  to 
twenty  feet  in  thickness,  rests  on  four  gigantic  columns  of  rock,  so  as  to 
leave  a  vaulted  apartment  of  irregular  shape,  about  forty  feet  in  diameter, 
and  about  the  same  in  height.  The  columns  consist  of  finely  stratified  rock, 
and  have  been  worn  into  curious  shapes.  At  the  base  of  one  of  them,  an 
arched  cavitj',  or  niche,  has  been  cut,  to  which  access  is  had  by  a  flight  of 
steps,  formed  by  the  projecting  strata.  The  disposition  of  the  whole  is 
such  as  to  resemble,  very  much,  the  pulpit  of  a  church ;  since  there  is, 
overhead,  an  arched  canopy,  and  in  front,  an  opening  out  towards  the 
vaulted  interior  of  the  chapel,  with  a  flat  tabular  mass  in  front,  rising  to  a 
convenient  height  for  a  deslc ,  while  on  the  right  is  an  isolated  block,  which 
not  inaptly  represents  an  altar ;  so  that,  if  the  whole  had  been  adapted 
Expressly  for  a  place  of  worship,  and  fashioned  by  the  hand  of  man,  it 
could  hardly  have  been  arranged  more  appropriately.  It  is  hardly  possible 
to  describe  the  singular  and  unique  effect  of  this  extraordinary  structure ; 
it  is  truly  a  temple  of  nature — "  an  house  not  knade  with  hands." 

On  the  west  side,  and  in  close  proximity.  Chapel  river  enters  the  lake, 
precipitating  itself  over  a  rocky  ledge  ten  or  fifteen  feet  in  height.* 

It  IS  surprising  to  see  how  little  tne  action  of  the  stream  has  worn  away 
the  rocks  which  form  its  bed.  There  appears  to  have  been  hardly  any 
recession  of  the  cascade,  and  the  rocky  bed  has  been  excavated  only  a  foot 
or  two,  since  the  stream  assumed  its  present  direction. 

It.  seems,  therefore,  impossible  that  the  river  could  have  had  any  influ- 
ence in  excavating  the  Chapel  itself,  but  its  excavation  must  be  referred  to 
a  period  when  the  waters  of  the  lake  stood  at  a  higher  level. 

Near  the  Grand  Portal,  the  cliffs  are  covered,  in  places,  with  an  efllp- 
resence  of  sulphate  of  lime,  in  delicate  crystallizations ;  this  substanp©'  not 
ooly  encrusts  the  walls,  but  is  found  deposited  on  the  moss  whicfi  lines 
them,  forming  singular  and  interesting  specimens,  which,  however,  cannot 
be  transported  without  losing  their  beauty. 

At  the  same  plaee,  we  found  numerous  traces  of  organic  life,  in  the  form 
of  obscure  fucoidal  markings  which  seem  to  be  the  impressions  of  plants, 
similar  to  those  described  by  Hall,  as  occurring  in  the  Potsdam  sandstone 
^f  New  York.  These  were  first  noticed  at  this  place  by  Dr.  Locke,  in 
1847. 


*  At  this  fan,  accordiog  to  immemorial  usage  among  the  vojagenrs  in  ascending  the  lake, 
l&«  mangenra  de  lard,  who  make  their  first  trip,  receive  baptism ;  which  consists  in  giring 
^«m  a  severe  ducking — a  ceremony  somewhat  similar  to  that  practised  on  green-horns,  when 
'  crossing  the  line." 
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The  phenomena  of  cross  stratification  are  beautifully  sho-wn  in  the 
columns  of  the  Chapel,  and  at  numerous  points  along  the  whole  line  of  the 
Pictured  Rocks.    Figure  16  represents  a  section  near  Miners'  river. 


In  some  cases  the  individual  lines  are  curved  as  represented  in  the  fol- 
lowing figure. 


The  following  is  an  illustration  of  the  same  thing,  in  which  the  pebbles 
and  coarser  materials  are  seen  to  be  principally  confined  to  the  lower  por- 
tion of  each  stratum  These  two  last  figures  represent  sections  exhibited 
near  the  chapel. 

Fig  18 


^1 


These  examples  show,  as  before  remarked,  that  the  materials  composing 
the  rock  were  drifted  along  the  sea-bottom  by  strong  currents,  and  deposited 
in  shifting  eddies.  Numerous  undulations  were  also  observed  which  might 
in  the  Brst  instance  be  mistaken  for  bent  and  contorted  strata,  but  were  Uie 
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result  of  the  distribution  of  color  along^ertain  curved  lines  without  regard 
^o  stratification,  like  those  before  described  as  occurrin":  at  Tobacco  river. 
^  The  Grand  Sable,  represented  in  Plate  XVI.,  possesses  a  scenic  interest 
little  inferior  to  that  of  the  Pictured  Rocks.  The  explorer  passes  abruptly 
from  a  coast  of  consolidated  sand  to  one  of  loose  materials ;  and  although 
^n  the  one  case  the  cliffs  are  less  precipitous,  yet  in  the  other,  they  attain 
^  higher  altitude.  He  sees  before  him  a  long  reach  of  coast,  resembling  a 
Tast  sand-bank,  more  than  three  hundred  and  fifty  [cQt  in  height,  without 
a  trace  of  vegetation.  Ascending  to  the  top,  rounded  hillocks  of  blown 
sand  are  observed  with  occasional  clumps  of  trees,  standing  out  like  oases 
in  the  desert.  This  has  been  described,  by  former  travellers,  as  a  gigantic 
dune,  but  we  have  shown*  that  it  is  composed  of  stratified  materials  accu- 
mulated during  the  drift  epoch,  and  that  the  dune-like  appearance  is  due 
to  the  trickling  down  of  the  loose  and  highly  comminuted  sands. 

At  the  base  of  these  cliffs,  the  sandstone  is  occasionally  seen  by  the 
water  margin  in  low  ledges ;  but  after  leaving  them,  it  does  not  reappear 
until  we  reach  the  mouth  of  Tequamenen  river,  seventy  miles  eastward. 
Ascending  into  township  48,  range  8,  the  river,  according  to  Dr.  Houghton, 
is  precipitated  over  two  ledges  of  this  rock,  the  one  forty  and  the  other 
forty-five  feet  in  height.  Along  the  southern  coast  of  this  bay,  it  is  occa- 
sionally seen  in  reefs,  and  at  the  base  of  the  islets.  From  one  of  these, 
Mr.  Forrest  Shepherd,  several  years  ago,  procured  two  or  three  specimens 
of  Lingula. 

At  Saut  Ste.  Marie,  the  river  falls  twenty-one  feet,  in  the  distance  of  a 
Eiile,  over  this  rock,  which  is  exposed  at  the  head  of  the  rapids,  on  the 
islands  and  in  its  bed.  It  is  very  fissile,  of  a  brick-red  color,  and  inter- 
spersed with  the  spherical  blotches  before  described.  It  here  dips,  as 
observed  in  other  parts  of  the  region,  at  a  gentle  angle  away  from  the 
azoic  series  which  occur  on  the  opposite,  or  Canadian  side  of  the  river.'  *>: 

The  junction  of  the  Potsdam  and  calciferous  sandstone  is  supposed  to 
occur  near  the  southern  portion  of  Sugar  island ;  but  the  accumulations  of 
drift  have  buried  up  the  subjacent  rocks. 

Mr.  Murray  of  the  Canada  survey  has  traced  it  along  the  northern  shore 
of  Lake  Huron,  where  it  is  seen,  as  in  our  district,  in  a  nearly  horizontal 
position,  filling  up  the  hollows  in  the  quartz  rock ;  but,  in  many  places,  he 
remarks,  the  irregularities  in  this  ancient  bottom  are  so  great,  that  different 
members  of  the  ^ssiliferous  groups  come  in  contact  with  it.  Captain  Bay- 
field describes  it  as  occupying  low  levels  and  forming  nearly  horizontal 
strata  at  the  bottom  of  Lake  George,  whilst  the  horizontal  fossilife^ous 
limestone  of  St.  Joseph's  and  Sugar  island  rise  into  higher  ridges.t  - 

The  ancient  land,  as  we  before  remarked,  from  which  these  arenaceous 
beds  \#ere  derived,  lay  to  the  north-west ;  since  there,  they  acquire  their 

greatest  expansion,  and  thin  out,  as  traced  to  the  south-east.  It  is  proba- 
le  that  along  the  St.  Mary's  river,  the  vertical  range  both  of  the  Potsdam 
and  calciferous  sandstone  is  less  than  a  hundred  feet.  Mr.  Murray  estimates 
the  thickness  of  the  former  at  forty  feet ;  but  does  not  appear  to  have  re- 
cognized the  latter,  in  any  place. 

The  south-westerly  prolongation  of  this  sandstone,  which,  starting  from 
Chocolate  river,  sweeps  around  the  granite,  and  flanks  the  southern  slope 
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of  the  axi9,  IS  obscurely  tracea,  id  consequence  of  the  depth  of  the  superfi- 
ci&I  materials.  Mr.  Burt  describes  it  as  a  coarse,  quartzose  rock,  generally 
red,  but  in  some  places  mottled,  and  in  others  of  a  yellowish  white.  Mr. 
Hall  failed  to  detect  it  in  the  bed  of  the  Escanaba  river,  which,  after  learag 
the  granite,  winds  its  way  for  some  distance  through  drifted  materials. 

On  section  33,  township  40,  range  30,  Messrs.  Whittlesey  and  Desor  dis- 
covered this  sandstone,  with  the  calciferous  superimposed,  m  a  nearly  hori- 
zontal position ;  and,  further  to  the  south-east,  it  reappears  in  isolated 
patches.  The  mineral  characters  of  tJiL^  deposit  and  its  relation  to  tk 
older  rocks,  are  fully  described  by  Mr.  Whittlesey,  in  the  section  iucluiled 
in  the  chapter  on  the  azoic  system.  Where  it  crosses  the  Menomonee,  the 
belt  is  about  fourteen  miles  in  width ;  the  strata  dip  very  gently,  corres- 
ponding with  the  slope  of  the  country,  since  the  subjacent  slates  and  igneous 
rocks  are  exposed  in  the  bed  of  the  river  for  ten  miles,  after  the  sandstone 
is  intersected. 

In  descending  the  river,  it  is  first  observed  near  the  foot  of  Chippem 
island.  The  subjacent  rocks  in  this  vicinity  consist  of  talcose  slates,  in 
nearly  vertical  beds,  intermingled  with  dark,  compact,  igneous  rocks  and 
crystalline  greenstone.  Their  contour  is  very  irregular,  as  though  they  had 
been  abraded  before  the  deposition  of  the  arenaceous  beds  wMch  occupy 
the  inequalities  in  the  surface  of  the  more  ancient  rocks,  in  horizontal  lay- 
ers. The  greatest  inclination  observed  in  the  superior  rock  was  3°  to  the 
south-east.  The  sandstone  consists  of  alternating  bands  of  red  and  white, 
and  is  so  friable,  when  first  removed,  that  it  may  be  crushed  in  the  hand. 
The  grains  are  coarse  and  silicious,  adhering  together  without  any  visible 
cement.  After  having  parted  with  the  water  disseminated  through  the 
pores,  it  acquires  a  considerable  degree  of  consistency,  and  is  little  acted 
on  by  the  weather. 

The  following  section  (Fig.  19)  occurs  on  the  left  bank  of  the  river,  neat 
Uie  foot  of  Chippewa  island. 


Section  on  the  Menomonee  river. 

1.  Drift,  composed  of  couae  rubble  uti  usA,  enveloping  nngnliLr  ttagnMiU  of  TivalM 
UmMtone. 

2.  AltoTDBting  Ujara  or  wliito  and  red  sasd^Uiiifl. 
8.  Talcoae  aktos,  or  the  azoio  series. 

4.  Compact  serpeotiiiB  rocks. 

At  the  White  Rapids,  the  sandstone  is  again  exposed,  presenting  ver^S 
nearly  the  same  external  characters,  except  that  it  is  less  discolored,  anc^ 
reposm^  on  the  uptilted  edges  of  the  quartz.  It  may  be  seen  in  some  O--^ 
tba  rajada  below,  and  reappears,  for  t.\ie  lasl  lime,  io  th«  river  banka.  ^ 
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rming  ledges  six  or  eight  feet  high,  about  three  miles  above  the  Big  Bend 
township  35,  range  29. 

"  *  In  this  vicinity,  Mr.  Desor  discovered,  in  some  of  the  loose  masses 
this  rock,  other  fossils  than^the  LingtUcBy  which  are  so  characteristic  of 
is  group  further  to  the  east.  These  fossils  consist  of  the  fragments  of 
e  or  more  species  of  trilobites,  resembling  Jisaphtis.  From  the  characters 
^served  in  a  single  caudal  extremity,  one  species  is  identical  with  that 
lich  occurs  in  the  same  rock  on  the  Mississippi  and  St.  Croix  rivers. 
From  the  Menomonee  river,  the  Potsdam  sandstone  approaches  within 
teen  or  twenty  miles  of  the  shore  of  Green  bay,  bqng  distinctly  exposed 
1  all  the  streams  flowing  into  it.  Continuing  in  the  same  direction,  its 
sterly  limit  passes  near  the  Great  Bend  in  the  Wolf  river,  northwest  from 
e  outlet  of  Lake  Winnebago.  From  thence,  meandering  westerly,  it  fol- 
«rs  nearly  the  course  of  Wolf  river,  crossing  it  in  the  neighborhood  of 
ike  Pauwaiceen,  and  is  thence  prolonged  southwesterly  towards  Green 
id  Puckaway  lakes.  In  the  neighborhood  of  Pleasant  Valley,  about  twelve 
lies  west  of  Strong's  Landing,  on  the  Fox  river,  it  is  exposed  in  several 
w  escarpments,  succeeded  by  the  calciferous  sandstone,  which  here  pre- 
nts  its  usual  characters.  From  this  region,  its  southern  limit  stretches  to 
e  west  and  north-west.  The  country  here  presents  a  feature  which  con- 
lues  to  the  Mississippi  river.  The  hills  appear  to  be  outliers,  capped  by 
e  calciferous  sandstone,  or  succeeding  limestones,  while  the  valleys  and 
e  lower  part  of  the  escarpments  are  composed  of  the  Potsdam. 
The  rock  is  fine-grained,  of  a  light-yellow  color  and  very  friable.  Some 
the  superior  beds,  which  are  thin,  have  been  wrought  for  grindstones. 
lie  friable  character  of  this  sandstone  is  one  of  its  Inost  prominent  fea- 
res,  and,  owing  to  this  circumstance,  the  escarpments  are  not  usually  high, 
abrupt,  imless  it  has  been  protected  by  the  overlying  rock.  In  its  want 
cohesion,  it  differs,  in  a  very  marked  degree,  from  the  prevailing  cha- 
cter  of  this  rock,  as  developed  in  New  York  and  Canada,  where  it  is 
ually,  though  not  always,  compact.  It  is  not,  however,  unlike  the  sand- 
3ne  of  the  Pictured  Rocks,  and  is  less  friable  than  that  of  the  Mississippi 
id  St.  Croix  region. 

The  almost  uninterrupted  continuity  with  which  this  rock  can  be  traced^ 
en  from  its  eastern  extension  through  Canada  and  along  the  northern 
ore  of  Lake  Huron  to  the  St.  Mary's  river,  and  thence  westerly,  leaves 
►  doubt  as  to  its  true  position  and  identity  in  age  with  the  Potsdam  9and- 
one  of  New  York.  If  we  were  at  a  loss  in  thus  tracing  it  continuously, 
B  have  still  the  evidence  of  the  succeeding  fossiliferous  strata,  which  show, 
inclusively,  the  same  relations  to  this  sandstone  as  they  do  to  its  equiva- 
nt  in  New  York.  JV'^ith  both  these  evidences  combined,  we  cannot  hesi- 
te  for  a  moment  in  our  conclusion  regarding  its  ag^  and  place  in  the  series. 
From  the  points  just  noticed,  where  this  sandstone  appears  in  eastern 
Wisconsin,  it  can  be  traced  uninterruptedly  across  the  entire  breadth  of  the 
ate  to  the  Mississippi  and  St.  Croix  rivers.  It  is  true,  at  the  last  named 
realities,  we  have  the  evidence  of  fossils  which  are  not  known  to  occur  in 
s  easterly  extension ;  but  we  have  already  noticed  the  occurrence  of  the 
Vilobite  on  the  Menomonee,  while  we  have  the  Lingula  everywhere,  though 
1  far  greater  profusion  in  the  St.  Croix  region  than  elsewhere.    In  draw- 

*  Th«  description  of  the  westerly  prolongation  of  tMa  sandstone  \a  tt^m.^^ti!^'^^.  ^1  ^x« 
Ml. 
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mg  inferences  as  to  the  age  of  the  rock,  from  the  occurrence  of  these 
lossils,  it  should  be  remembered  that  it  is  by  no  means  improbable  that 
similar  ones  may  yet  be  found  in  more  easterly  localities.  They  seem  to  be 
coexistent  with  calcareous  bands,  or  the  m^re  calcareous  portions  of  the 
group,  and  it  is  to  this  modification  that  we  should  look  for  the  develop- 
ment of  the  fauna  of  this  ancient  period.  *" 

From  all  this  evidence,  we  regard  the  question  of  the  age  of  this  rock  as 
settled  —  that  the  Potsdam  sandstone  of  New  York  is  identical  with  that  of 
the  Mississippi  and  the  St.  Croix.  One  great  source  of  doubt  and  per- 
plexity in  its  determination,  heretofore,  was  the  recurrence  of  a  sandstone 
identical  in  character  with  the  lower,  but  superior  in  position  to  the  calcife- 
rous  sandstone,  or  lower  magnesian  lunestone.  It  is  a  thin  mass,  evidently 
due  to  a  recurrence  of  the  same  causes  which  produced  the  inferior  deposit. 
This  has  been  well  elucidated  by  Dr.  Owen  in  his  reports  on  the  upper  Mis- 
sissippi, in  which  he  has  shcTwn  that,  near  the  junction  of  the  low^er  sand- 
stone with  the  calciferous,  there  are  several  alternations  of  calcareous  and 
silicious  bands,  the  latter  having  the  character  of  the  sandstones  below,  and 
the  former  of  the  calcareous  deposits  above.  These  occur  in  several  places 
on  the  upper  Mississippi  river,  and  give  the  geologist  an  introduction  to 
that  condition  of  things  which  subsequently  produced  the  upper  sandstone, 
which  is  distributed  over  a  large  part  of  Wisconsin,  so  often  mistaken  for 
the  lower  member  of  the  series ;  but  which,  in  fact,  is  separated  from  it  by 
two  or  three  hundred  feet  of  calcareous  rocks. 

This  upper  sandstone  can  be  regarded  in  no  other  light  than  as  the  result 
of  the  same  causes  which  produced  the  Potsdam,  and  were  suspended  during 
the  period  of  the  deposition  of  the  calciferous  sandstone,  ^  or  lower  magne- 
sian limestone,  to  be  renewed,  for  a  short  period,  in  the  deposition  of  a  mass 
of  sandstone,  varying  from  fifty  to  eighty  feet  in  thickness,  upon  the  sur- 
face of  the  calcareous  deposit.  This  fact  shows  the  more  intimate  connec- 
tion between  these  two  lower  groups  than  has  heretofore  been  suspected. 
It  is,  nevertheless,  shown  in  many  places  within  the  Lake  Superior  district, 
that  the  true  sandstone,  as  it  is  traced  upward,  becomes  gradually  calca- 
reous, and  "finally  passes  into  well-characterized,  compact,  magnesian 
limestone."*  The  same  is  true,  also,  of  this  rock,  in  Canada  and  New 
York ;  while,  however,  there  is  rarely  any  evidence  of  increase  in  the  sili- 
cious materials  towards  the  termination,  as  we  observe  in  the  west.  In 
some  localities,  there  are  thin  but  distinct  bands,  near  the  upper  portion, 
having  an  oolitic  structure,  which,  as  we  go  westward,  appear  to  be  re- 
placed by  "beds  of  a  granular  texture  and  ota  silicious  character. 


CA.LCIFEROUS   SANDSTONE. 


In  the  eastern  part  of  this  district,  this  rock  is  but  imperfectly  defined. 
The  north  shore  of  Drummond's  island  does  not  extend  sufficiently  far  to 
reach  it,  and  it  is  but  obscurely  seen  on  the  shores  of  the  St.  Mary's  river* 
In  tracing  the  strata  westward,  this  rock  is  distinctly  defined  in  the  bankg— * 
of  the  Escanaba  river,  and  can  be  traced  from  above  the  forks  for  severa^C 
miles  below.     It  preserves  its  characters  in  a  reioarkable  degree,  althougfcr^ 
it  does  not  expand  to  a  greater  thickness  than  fifty  feet.     The  upper  por—  ^ 
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UoM  are  highly  calcareous,  having,  on  fresh  fracture,  the  peculiar  granular 
structure  so  characteristic  of  this  rock.  It  is  thin-bedded,  and  contains 
small  cavities  lined  with  crystals  of  calc-spar,  or  quartz,  and  sometimes 
simply  with  hornstone.  The  surfaces  of  the  layers  are  often  impressed 
with  the  forms  of  marine  plants,  identical  in  character  with  those  associated 
with  the  calciferous  of  New  York. 

The  lower  part  of  this  rock,  as  seen  on  the  Escanaba,  is  thin-bedded,  the 
layers  not  more  than  from  three  to  six  inches  thick,  often  variegated  and 
highly  silicious.  This,  though  not  one  of  the  characteristic  features  in  its 
eastern  extension,  was  again  observed  in  Wisconsin,  along  the  valley  of  the 
Fox  river.  The  lowest  layers  were  of  an  olive,  or  dark-slate  color,  having 
the  same  character  in  texture  and  color  as  the  beds  on  the  St.  Croix  river, 
above  Stillwater.  These  beds  may,  perhaps,  with  equal  propriety,  be  re- 
ferred to  the  lower  sandstone,  and  regarded  as  exhibiting  a  transition  from 
one  rock  to  another.  On  the  Escanaba.  the  only  fossil  observed  was  a 
species  of  Lingula. 

This  rock,  according  to  the  observations  of  Messrs.  Foster  and  Whitney, 
is  distinctly  exhibited  on  the  Menomonee.  "  In  descending  the  river,  it  is 
first  seen  at  the  head  of  the  Grand  Rapids,  and  continues  thence  to  the  first 
saw-mill,  sixteen  miles  from  its  mouth,  occupying  a  belt  nearly  eight  miles 
in  width.  The  lower  layers  are  of  a  buff  color,  sub-crystalline  in  their 
texture,  and  contain  numerous  geodes,  lined  with  crystals  of  rhomb  and 
dog-tooth  spar,  quartz,  &c.  On  chemical  analysis,  it  is  found  to  contain  a 
large  percentage  of  magnesia.  Interstratified  with  it,  are  to  be  seen  thin 
bands  of  sandstone,  tinged  red  by  the  peroxide  of  iron,  which  contain  suffi- 
cient carbonate  of  lime  to  cause  a  brisk  effervescence  with  acids.  The 
rapids,  more  than  a  mile  in  extent,  are  over  this  rock  ;  but  the  adjoining 
banks  are  so  low,  that  it  is  difficult  to  obtain  good  exposures. 

The  upper  layers,  however,  as  displayed  at  the  saw-mill,  are  frequently 
made  up  of  rounded  grains  of  quartz,  united  by  a  calcareous  cement,  which 
communicate  to  the  mass  the  appearance  of  an  oolitic  structure,  though 
none,  in  fagt,  exists.'' 

Tracing  this  rock  westerly  from  the  St.  Mary's  river,  there  appears  to  be 
a  gradual  augmentation  in  thickness.  This  is  apparent,  when  we  compare 
its  development  on  the  EscanSiba,  and  on  the  Wisconsin  and  Mississippi 
rivers.  In  its  easterly  extension,  its  increase  is  equally  great,  attaining,  on 
the  St.  Lawrence,  a  thickness  equal  to  that  exposed  on  the  Mississippi. 

Little  can  be  said,  in  detail,  of  this  rock,  since  nearly  the  entire  extent 
of  country  occupied  by  it,  in  this  district,  is  covered  by  forests ;  afld  it  is 
only  in  the  river  banks  that  good  exposures  exist.  From  all  that  can  be 
ob^rved,  it  maintains  the  same  character  here  as  in  other  localities,  both  to 
the  east  and  west ;  and,  from  what  we  know  of  it  elsewhere,  and  from  its 
tenuity  and  unaltered  condition  ii>  this  district,  we  cannot  expect  the  occur- 
^ence  of  any  minerals  of  economic  value.  Except  that  this  rock  is  so  im- 
portant a  member  of  the  series,  both  in  its  eastern  and  western  extension,  it 
Bttight  be  regarded  as  a  subordinate  member  of  the  lower  Silurian  limestones." 
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Wie  have  thus  endeavored  to  define  the  boundadcs  and  de^ct^e.  \^Dkfe  y^"^ 
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cipal  peculiarities  of  the  Potsdam  and  calciferous  sandstones  which  play  so 
conspicuous  a  part  in  the  geology  of  the  no#th-west. 

From  the  details,  incorporated  into  this  chapter,  it  will  be  seen-  that, 
wherever  the  Potsdam  sandstone  comes  in  contact  with  the  granite^  or 
prior-formed  schists,  it  is  observed  to  have  a  slight  inclination  away  from 
the  older  rocks,  rarely  exceeding  8®  or  10°.  It  is  not  necessary  to  suppose 
that  this  inclination  has  been  occasroned  by  a  subsequent  bodily  upheaval 
of  the  granite,  but  that  it  was,  in  the  first  instance,  deposited  at  this  angle. 
From  the  topography  of  this  region,  it*!s  evident  that  the  sandstone  was 
deposited  in  a  basin-shaped  depression,  having  an  irregular  bottom.  Granite 
for  the  most  part  constitutes  the  rim  of  Lake  Superior,  and  we  have  seen 
that  it  rose  above  the  surface  of  the  ocean  in  which  the  Silurian  strata  were 
accumulated. 

Where  the  materials  forming  strata  are  for  a  while  mechanically  sus- 
pended, or  held  in  chemical  solution,  they  will,  when  thrown  down,  accom- 
mpdate  themselves  in  a  measure  to  the  preexisting  inequalities :  —  so,  too, 
where  they  have  been  distributed  along  a  shelving  shore,  they  partake  in 
some  degree,  of  the  prevailing  slope.  Hence,  a  hasty  observer  might  infer 
that  there  had  been  a  slight  uptilting  of  the  land,  when  in  fact  it  had  re- 
mained undisturbed.  It  will  be  seen,  from  the  investigations  of  Dana,  that 
the  detrital  accumulations  around  the  islands  of  the  Pacific  have  almost 
invariably  an  inclination  sea- ward,  where  there  is  no  evidence  of  upheaval; 
and  Mr.  Jukes,  another  explorer  in  the  same  field,  mentions  a  similar  mode 
of  occurrence  at  Heron  island,  where  not  only  the  sand  and  intermingled 
fragments  of  coral  exhibit  this  tendency,  but  the  solid  coral,  also,  is  tra- 
versed by  lines  of  cleavage  conformable  to  those  of  the  stratified  deposits, 
the  whole  dipping  sea-ward  at  an  angle  of  from  S''  to  10®. 
.  From  the  experiments  of  M.  de  Wegmann,  it  would  appear  that  sedi- 
mentary strata  may  be  deposited  on  slopes  not  exceeding  40®,  and  that  it 
is  not  s^e  to  assume  an  upheaval,  simply  from  the  unconformability  of  the 
strata,  where  there  is  no  evidence  of  dislocation,  or  protrusion.  Thus, 
sandstones,  or  other  sedimentary  strata,  folded  over  a  granite  Qucleus,  at 
moderate  angles,  do  not  necessarily  indicate  that  the  nucleus  is  posterior 
to  the  sandstones,  since  the  latter  might  have  been  deposited  over  and 
around  it.  The  bed  of  the  Gulf  of  Mexico,  near  Galveston,  has  such  a 
constant  and  regular  slope  that  sailors  can  calculate  the  distance  from 
shore  by  the  depth  of  water.  By  sounding  at  two  points,  the  distance 
between  which  is  known,  the  difference  in  depth  will  represent  the  tangent 
of  the  angle  with  the  coast ;  and  this  angle  being  known,  the  distance  is 
easily  ascertained  by  means  of  a  second  rectangle  triangle.* 

The  want  of  horizontality  in  the  stratification,  therefore,  is  not  of  itself, 
proof  of  upheaval. 

•  Bulletin  of  the  Geol.  Soc.  of  France,  April,  1850. 
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REMARKS. 

Great  diversity  of  opinion  has  been  entertained  with  regard  to  the  age 
ot  this  sandstone.  Dr.  Jackson,  in  his  report  communicated  to  the  Land 
Dffice,  in  1849,  desc|-ibes  it  as  the  new-red,  and  seems  to  think  that  he  has 
:learly  demonstrated  that  it  cannot  belong  to  the  Potsdam.  He  founds  his 
belief  on  the  fact,  that  a  patch  of  Silurian  limestone  has  been  discovered, 
writh  a  high  inclination,  in  the  midst  of  the  sandstone,  and  h&ce  infers  that 
the  latter  is  the  superior  rock.  He  also  states  that  a  fragment  of  Penta-^ 
nerus  oblongus  was  obtained  from  this  locality,  which  would  identify  it 
m\h  the  Niagara  limestone  f  and  that,  therefore,  this  sandstone  must 
t>elong,  either  to  the  old-red,  or  the  new-red.  From  the  absence  of  fosses, 
ind  from  mineralogical  resemblance  and  mineral  contents,  he  thinks  it  must 
)e  referred  to  the  latter. 

This  reasoning  would  be  conclusive,  if  the  facts  were  admitted.  We 
lave  shown,  in  our  former  report,  that  the  region  where  the  limestone  is 
exposed,  exhibits  many  evidences  of  local  disturbance ;  that  in  some  places 
he  sandstone  rises  in  Hills,  having  a  quaquaversal  dip,  and  that  a  few 
niles  farther  west,  the  igneous  rocks  break  through,  and  form  a  mountain 
I  thousand  feet  in  height.  The  highly  inclined  position  of  these  beds, 
herefore,  proves  nothing.  Admitting  that  the  limestone  is  the  inferior 
ock,  is  it  not  singular  that  it  should  nowhere  be  found  interposed  between 
he  slates  and  the  sandstone,  along  a  line  two  hundred  and  fifty  miles  in 
ength?  Mr.  Whitney's  notes,  which  furnished  him  with  all  the  informa- 
ion  he  possessed — he  never  having  seen  the  locality — will  not  authorize 
he  inferences  which  have  been  drawn  from  them.  On  page  625,  (Docu- 
Dents  accompanying  President's  message,  1850,  Vol.  III.,)  he  speaks  of 
he  .sandstone  in  his  district  as  resting  directly  on  the  granite  rocks,  and 
lescribes  this  limestone  as  belonging  to  the  lower  portion  of  the  Silurian 
5)'stem.  On  p.  711,  he  remarks  that,  "  if  no  other  data  can  ^^e  collected 
than  those  which  I  have  already,  I  should  hardly  feel  willing  to  pronounce 
which  is  thie  oldest  formation." 

All  of  the  fossils  were  collected  by  Mr.  Whitney.  They  were  subse- 
cjuently  submitted  to  Mr.  Hall,  whose  authority  in  these  matters  cannot  be 
questioned  ;  and  from  his  report,  contained  in  Part  I*,  it  will  be  seen  that 
tie  failed  to  recognize  among  them,  the  Pejitamerus  oblongus,  or  any  other 
form,  characteristic  of  the  Niagara  limestone ;  but,  on  the  other  hand,  he 
P>^onounces  them  all  as  belonging  to  the  lower  Silurian  types.  We  have, 
however,  in.  other  parts  of  the  district,  as  shown  by  the  A^WA^^i  e^iik\i\ifit 
iojis,  the  most  conclusive  evidence  as  to  th«  agQ  «1  XW  «^ixdAV)Xv%\  xl^^ 
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only  the  evidence  of  superposition,  but  of  fossil  contents.  The  occurrence 
of  the  Lingula  and  the  Trilobite  in  this  group,  must  be  regarded  as  conclu- 
sively settling  its  age,  and  outweighing  mere  theoretical  considerations 
founded  on  lithological  characters,  which  are  a  very  uncertain  guide. 

It  is  but  justice  to  those  who  have  examined  this  group,  that  we  should 
refer  to  their  conclusions. 

Dr.  Owen,  in  his  report  on  the  Chippewa  district  for  1848,  pp.  57  and 
58,  remarks  that,  in  the  absence  of  all  conclusive  evidence  derived  from 
organic  remains,  there  is  certainly  strong,  presumptive  evidence,  that  the 
red  sandstone  and  marls  were  deposited  subsequently  to  the  carboniferm 
erz. 

Dr.  Locke,  in  his  report  for  1847,  describes  this  sandstone  as  the  old-redy 
but  it  is  evident,  we  think,  that  by  this  remark  he  did  not  regard  it  as  part 
of  the  Devonian  series,  since  he  was  of  the  opinion  that  it  must  pass 
beneath  the  Silurian  limestones. 

On  the  plats  of  surveys  of  township  lines,  made  by  Mr.  William  A. 
Burt  in  1845,  under  the  direction  of  Dr.  Houghton,  the  sandstone  of  the 
southern  slope  is  designated  as  the  Potsdam,  thus  leaving  no  doubt  that 
Dr.  Houghton  had,  at  that  time,  satisfied  himself  as  to  its  true  position 
in  that  portion  of  the  district. 

Captain  Bayfield  w^as  the  first  to  explore  this  sandstone  with  care,  while 
conducting  the  trigonometrical  survey  of  Lake  Superior.  In  the  Quarterly 
Journal  of  the  London  Geological  Society,  for  November,  1845,  there  is  a 
communication  by  him,  "  On  the  junction  of  the  Transition  and  Primary 
Rocks  of  Canada  and  Labrador."  In  reference  to  the  sandstone  of  Lake 
Superior,  he  remarks :  —  "No  organic  remains  having  as  yet  been  found  in 
this  sandstone,  and  its  junction  with  the  Lake  Huron  limestone  in  the  St. 
Mary's,  below  the  rapids,  being  hidden  by  drift,  water,  and  an  impervious 
forest,  so  as  hitherto  to  have  escaped  notice,  it  is  difficult  to  determine,  with 
any  confidence,  its  place  or  age.  There  seems  no  reason  to  think  that  it  can 
be  m.ore  recent  than  the  old-red  sandstone ;  and  when  it  is  considered  that 
it  appe'ars  in  the  St.  Mary's  at  low  levels,  forming  nearly  horizontal  strata 
at  the  bottbm  of  Lake  George,  whilst  the  horizontal  fossiliferous  limestone 
of  Sugar  island  and  St.  Joseph's  rises  into  higher  ridges,  so  as  to  make  it 
appear  highly  probable  that  the  sandstone  occupies  the  inferior  position, 
and  that,  moreover,  a  sandstone  is  known  very  generally  to  underlie  tran- 
sition limestone  in  Canada  and  the  United  States ;  when  all  this  is  taken 
into  account,  it  is  not  perhaps  unlikely  that  the  sandstone  in  question  may 
belong  to  the  Silurian  rather  than  the  Devonian  period.  On  the  other  hand, 
i^  appearance  in  unworn  slabs,  that  must  be  near  the  parent  rock,  in  the 
neighborhood  of  Michilimackinac,   where  great  beds  of  gypsum  occur, 
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^would  seem  unfkvorable  to  this  conclusion ;  as  may  also,  perhaps,  the  fed 
marly  beds  of  the  Twelve  Apostles.*' 

Mr.  Foster,  in  his  synopsis  of  observations  between  Lake  Superior  and 
Green  Bay,  dated  September,  1848,  and  published  in  the  report  of  the 
Conmiissioner  of  the  General  Land  Office,  for  1848-9,  describes  the  sand- 
stone of  the  northern  and  southern  slope  as  belonging  to  the  same  age,  and 
as  resting  at  the  base  of  the  palaeozoic  series. 

That  same  year,  Mr.  Murray,  of  the  Canada  survey,  examined  tlie  St. 
Mary's  river  and  the  northern  shore  of  Lake  Huron,  and  satisfied  himself 
that  this  sandstone  passed  beneath  the  Trenton  limestone,  and  was  the 
equivalent  of  the  Potsdam.  In  reference  to  his  explorations,  Mr.  Logan 
remarks: — "The  evidence  afforded  by  the  facts  is  clear,  satisfactory,  and 
indisputably  conclusive." 

From  the  concurrent  testimony  of  those  whose  opportunities  for  obser- 
vation have  been  the  most  extensive,  there  can  be  but  one  opinion  as  to  the 
age  of  this  sandstone.    It  has  ceased  to  be  a  mooted  point. 
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CHAPTER  IX. 

LeWEB  SILURIAN  SYSTEM.— Cownrrw. 

^  JAXBS  HALL. 

Chazy,  Birds-eye^  Black  Rivety  arid  Trenton  Limestones. —  Their  inti- 
mate Association  in  this  District. —  Their  Range  and  Extent. —  Orga- 
nic Remains. —  On  the  St.  Mary's  River. —  On  the  Escanabay  Rapidy 
and  White-fish  Rivers. —  At  Little  Bay  des  Koquets.—-  Along  Ford  and 
Cedar  Rivers,  and  the  Shores  of  Green  Bay. —  In  Wisconsin. —  AloTig 
the  Fox  River y  and  the  Shores  of  Lake  Winnebago. —  At  Plattsvilky 
Galena,  and  Dubuque. —  The  Galena  or  Lead-bearing  Limestone,  a  dis- 
tinct Member  of  the  Lower  Silurian  Series,  not  recognized  in  Mic 
York. —  Jfot  a  portion  of  the  Cliff  Limestone. —  Hudson-river  Group. 
—  Its  Development  on  Druintnond^s  Island. —  At  Pointe  aux  Baies. — 
Organic  Remains. —  Its  Identity  with  the  Bljie  Limestone  and  Marls  oj 
Ohio  and  Indiana. —  Lithological  Characters. —  This  Group  the  true 
Termination  of  the  Lower  Silurian  Series. 

• 

CHAZY,  BIRDS-EYE,  BLACK  HIVER,  AND  TRENTON  LIMESTONES 

These  limestones  are  so  intimately  connected,  one  with  another,  in  the 
Lake  Superior  district,  and  each  is  so  thin,  that  no  advantage  can  be  derived 
from  treating  them  separately.  It  is  true,  however,  that  each  can  be  re- 
cognized as  a  distinct  member  of  the  lower  Silurian  series,  and  is  characte- 
rized by  fossils  peculiar  to  itself,  as  has  been  shown  in  New  York.  Reduced 
as  these  formations  are  in  thickness,  it  will,  nevertheless,  be  necessary  to 
study  them  separately,. and  for  the  geologist,  or  collector,  to  preserve  the 
fossils  distinct. 

Commencing  at  the  eastern  limits  of  the  district,  these  limestones  are  first 
seen  upon  the  St.  Mary's  river;  but  they  are  better  exposed  upon  the  east- 
ern side  of  St.  Joseph's  island,  than  upon  the  main  land  of  the  Michigan 
side.  The  sandstone,  which  Is  seen  on  Sugar  island,  plunges  to  the  south, 
and  pass^  beneath  all  these  limestones,  leaving,  as  tar  as  observed,  no  trace 
of  the  calclfexpus ;  but  an  interval,  covered  by  drift,  occurs,  where  no  rock- 
is  visible.  In  ex«^mining  the  shore  of  the  island,  the  first  rock  seen,^  after 
the  disappearance  of  the  sandstone,  is  the  Birds-eye  limestone ;  but,  further 
to  the  eastward,  near  a  projecting  point,  some  layers  of  the  Chazy  malce 
their  appearance,  having,  towards  the  bottom,  an  arenaceous  character; 
while  higher  up,  they  assume  an  argillo-calcareous  composition,  and  contain 
fossils  characteristic  of  this  member  of  the  New  York  series.  This  lime- 
stone is  also  seen  to  pass  directly  beneath  other  beds,  which,  by  their  pecu- 
liar character,  may  i)e  recognized  as  the  Birds-eye.  The  fossils  of  the 
Chazy  do  not  pass  above  the  limits  of  the  Birds-eye ;  but  the  respective 
limits  of  the  two  inembers  are  as  well  defined  here  as  in  any  of  their  eastern 
localities. 
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Jirds-eje  limestone  is,  for  the  most  part,  thin-bedded,  the  layers 
parated  by  shaly  matter,  which  rapidly  wear  invay  under  the  influ- 
the  atmosphere  and  the  water,  while  the  hiinler  piirts  are  brittle 
ily  fractured.  This  limestone  appears  to  he  more  foj^iiliferous  here 
New  York,  and,  in  the  upper  layers  particularly,  we  found  a  great 
of  Orthoceratites. 

Slack-river  limestone,  or  beds  which  may  be  regarded  as  the  equi- 
seems  to  be  intimately  incorporated  with  the  fiirds-eye ;  so  much 
no  line  of  demarcation  could  be  detected. 

ler  to  the  south,  the  Trenton  limestone  was  observed  extending  in 
litf,  for  some  distance  along  the  river,  maintaining,  to  a  great  ex-  * 
I  characters  by  which  it  is  distinguished  in  more  eastern  localities, 
er  portions  are  made  up,  in  a  great  degree,  of  crinoidal  remains, 
reserves  the  same  character  as  this  portion  of  the  series  in  the  Mo- 
id Black-river  valleys.  The  whole  mass  is  evidently  much  thinner 
any  locality  east  of  Lake  Huron,  and  there  is,  also,  a  larger  pro- 
of shaly  matter,  not  only  between  the  layers,  but  incorporated  in 

Idition  to  the  evidence  derived  from  lit  ho  logical  characters,  the  fossil 
s  are  of  such  a  character,  and  so  abmidant,  as  to  leave  no  doubt  in 
pect.  The  aspect  not  only  of  this  member,  but  of  the  others,  w^as^ 
to  impress  one  with  the  belief  that,  though  identical  in  age  and  in 
ition,  and  a  continuation  of  their  eastern  equivalents,  they  were  de- 

under  circumstances  less  favorable  to  organic  life,  resulting  from 
ure  of  the  materials  deposited,  or  from  varying  conditions  in  the 

The  quantity  of- shaly  materials  mingled  with  this  limestone,  and 
ited  in  layers  between  the  beds,  would  seem  to  indicate  that  a  shal- 
d  turbid  state  of  the  water  prevailed  during  its  deposition, 
observations  made  by  Messrs.  Whittlesey  and  Desor,  on  the  Manis- 
?r,  tend  to  confirm  these  views. 

he  Escanaba  river,  for  more  than  seventy  miles  along  its  meanders, 
its  mouth,  these  limestones  are  almost  constantly  exposed,  and  pre- 
ese  features.  The  river,  for  the  distance  of  a  mile  before  it  enters 
e,  flows  over  limestone  strata,  which  are  nearly  horizontal,  or  dip 
ightly  in  the  direction  of  the  current,  but  more  gently  than  the  de- 
if  the  water;  consequently,  the  strata  are  cut  through  and  their 
jxposed,  to  the  thickness  of  only  a  few  feet.  The  first  rock  met  with, 
nding  the  stream,  is  a  tough  limestone,  in  thin  layers,  separate  by 
of  shale.  It  has  the  lithological  characters  of  the  Birds-eye,  and 
is  Orthoceratites  and  other  fossils,  characteristic  of  that  jaa«nber  of 
ies,  as  well  as  of  the  Black-river  limestone.  The  suceeeding  layers, 
are  well-exposed  about  a  mile  above  this  point,  consist  of  tmn,  irre- 
or  wedge-shaped,  layers  of  light  ash-colored  limestone,  verging  to  a 
lue  color,  and  contain  many  species  of  fossils,  characteristic  of  the 
)n  series ;  leaving  no  doubt  of  their  identity.  Many  of  the  thin  lay- 
;  composed  of  crinoidal  remains,  and  the  weathered  surfaces  are  often 
jtely  studded  with  the  detached  joints  or  fragments  of  columns,  stand- 
relief.  This  character  of  the  weathered  surfaces  is  unlike  that  exhi- 
in  any  part  of  this  limestone  noticed  within  the  limits  of  New  Yorit ; 
I  examination  of  these  crinoidal  fragments  shows  that  they  belong  to . 
I,  and,  perhaps,  species  known  in  this  series  elsewhere. 
\  thin  aad  ^ven-bedded  layers  at  the  mouth  of  lYie  mei)  \&2dc^\^^]g)Stt^i 
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abundance  of  Ortkis  testudinariay  Leptana  sericeay  and  L.  alternatay  with 
other  fossils  of  the  Trenton  liraestorje,  and  have  the  same  character  as  some 
of  the  layers  about  midway  in  this  group,  as  developed  in  the  Mohawk  and 
Black-river  valleys,  in  New  York.  Above  the  falls,  the  low  cliflf  of  fos- 
siliferous  limestone  continues  for  some  distance,  gradually  declining  to  two 
or  three  feet  in  height  above  the  river.  The  same  changes  take  place,  with 
the  recurrerice  of  the  same  layeri^,  in  ascending  the  stream,  the  strata  rising 
more  rapidly  than  the  ascent  of  its  bed.  From  this  cause,  we  find  the 
calciferous  sandstone  coming  out  from  beneath  the  fossiliferous  limestones, 
at  a  point  some  three  miles  above  the  falls,  and  continuing  thence  up  the 
stream  for  the  distance  of  two  miles  above  its  forks. 

These  limestones,  which  have  a  combined  thickness  of  less  than  seventy- 
five  feet,  are  exposed  almost  continuously  in  the  bed  and  banks  of  the 
strAm,  for  the  distance  of  more  than  thirty  miles,  following  its  meanders, 
and  a  distance  of  about  twenty  miles  in  a  direct  line.  The  difference 
between  the  dip  of  the  rock  and  the  descent  of  the  river,  is  less  than  sixty 
feet.  There  is,  however,  very  little  parallelism  between  the  two;  for, 
within  the  first  eight  miles  after  leaving  the  lake,  we  meet  with  the  highest 
beds  of  limestone  in  the  series  which  occur  on  this  river.  Although  its 
descent  is  rapid,  yet  it  is  unequal  in  its  rate,  and  these  inequalities  appear 
to  be  due  to  undulations  in  the  strata,  which  can  be  detected  at  several 
points.     For  the  most  part,  the  stream  is  very  shallow,  and  its  bed  rocky.* 

Along  the  whole  extent  of  this  exposure  of  the  rocks,  whether  examined 
continuously,  or  at  intervals,  there  is  no  difficulty  in  identifying  different 
portions  with  their  New  York  equivalents.  When  taken  as  a  wiiole,  and 
all  of  the  beds  examined  in  connection,  the  principal  subdivisions,  such  as 
the  Chazy,  Birds-eye,  and  Trenton  limestones,  are  readily  identified,  not 
only  by  their  lithological  characters,  but  by  their  organic  remains.  Even 
in  tlie  arenaceous  layers,  which  form  some  twenty  feet  of  the  whole  thick- 
ness, we  not  only  detect  numerous  species  of  fossils  peculiar  to  the  Trenton 
limestone,  but  many  peculiarities  of  bedding,  and  other  characteristics, 
which,  though  not  easily  described,  are  reaaily  understood  and  compre- 
hended by  the  geologist. 

It  is  deemed  unnecessary  to  give  farther  details  of  the  variable  feature.*? 
of  these  limestones  along  the  Escanaba  river ;  in  all  the  localities  examined, 
they  offer  little  of  economical  value,  aside  from  their  application  to  building 
purposes. 

At  the  mouth  of  Rapid  river  and  along  its  borders,  and  also  at  the  mouth 
of  the  W^hite-fish  and  at  the  head  of  Little  Bay  des  Noquets,  the  Trenton 
limestone  fe~^xposed,  exhibiting  the  same  lithological  characters  as  at  the 
upper  dam  on  the  Escanaba. 

Farther  explorations,  made  by  Mr.  Whitney,  along  the  White-fish  river, 
in  crossing  from  Little*Bay  des  Noquets  to  Lake  Superior,  proved  the  occur- 
rence of  the  Trenton  group,  for  the  distance  of  fifteen  miles,  or  more,  from 
the  head  of  the  bay.  The  specimens  procured  are  filled  with  fossils  princi- 
pally Lepttena  sericea,  and  occasionally  with  L.  alternata  and  Orthis  testu- 
ainariay  while,  in  lithological  characters,  they  agree  with  those  observed  on 


•  The  name  flscanaba  signifies  Smooth  Rorl-^  given  for  the  reason  that  the  stream  often 

flowa  fbr  considerable  distances,  over  the  smooth  surfoces  of  the  slightly-inclined  rocks.   The 

iDdqaalities  caused  by  the  offset  of  particular  beds,  give  rise  to  numerous  rapids,  and  render 

ihe  navigation  so  difficult  that  even  a  small  skiff  cannot  be  impelled  against  the  stream,  wboo 

tb9  ffrd$w  Jm  low,  except  by  u«jng  letting-poles  armed  mtVi  %te<sl  points. 
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%lie  Escan&ba  and  Manistee.  The  country  along  the  White-fish  river  is 
^ow,  rising  little  above  the  river  margin ;  consequently,  there  are  no  cliffs, 
or  escarpments,  where  the  strata  are  exposed  to  any  extent,  and  specimens 
can  be  procured  only  at  the  water^s  edge.  This  river  then,  like  the  M^is- 
tee,  affords  evidence  of  the  existence  ot  certain  groups,  but  does  not  admit 
of  continuous  observation  as  to  their  succession,  thickness,  and  importance. 

In  the  present  state  of  the  northern  peninsula,  being  almost  an  unbroken 
wilderness,  and  the  elevation  of  the  country  occupied  by  the  Silurian  series 
but  a  few  hundred  feet  above  the  lake,  with  no  abrupt  curves  in  the  strata, 
by  which  they  are  brought  to  the  surface,  it  is  impossible  to  determine  any- 
thing more  than  the  limits  of  the  more  important  groups ;  for  all  practical 
purposes,  however,  the  determinations  already  made  are  sufficient;  and  it 
was  only  with  the  hope  of  acquiring  more  detailed  information,  that  we  de- 
sired more  time  and  better  opportunities  of  investigation.  • 

Leaving  the  Escanaba,  and  following  along  the  coast  of  the  bay  in  a 
south-easterly  direction,  we  soon  find  the  limestones,  just  described,  coming 
out  to  the  surface  at  the  lake-level  and  scarcely  rising  above  it,  the  cha- 
racter of  the  beds  being  the  same  as  those  seen  within  a  mile  of  the  mouth 
of  the  river. 

At  the  mquth  of  Ford  river,  the  country  is  low  and  there  are  no  rocks 
visible.  The  banks  consist  of  alluvial,  or  drift  materials,  for  four  miles, 
when  there  occurs  a  long  rapid  over  the  thin-bedded  limestone,  the  same  in 
character  as  that  at  the  upper  mill-dam  on  the  EscanSiba.  Proceeding  to- 
wards Cedar  river,  we  passed  several  reefs  of  rock  and  observed  large  slabs 
of  limestone  in  the  shallow  water,  which  appeared  identical  with  those  at 
the  mouth  of  the  Escanaba,  and  lower  than  the  thin-bedded  portion  of  the 
Trenton  group.  Upon  Cedar  river,  there  are  no  rocks  visible  for  two  miles 
after  leavmg  its  mouth ;  but  here,  at  the  end  of  a  mi  11-dam,  the  arenaceous 
and  shaly  bands,  which  occur  at  the  Lower  falls  of  the  Escanaba  and  op- 
posite "Wood's  Camp/'  are  visible.  These  occupy  a  higher  position  in 
the  series  than  those  seen  at  Ford  river.  Few  fossils  were  here  observed, 
crinoidal  joints  being  the  most  numerous. 

From  the  mouth  of  Cedar  river  to  the  mouth  of  the  Menomonee,  the 
more  thickly-bedded  portions  of  the  Trenton,  with  layers  of  Birds-eye, 
occur  alonff  the  margin  of  the  bay.  Although  nearly  in  situ,  the  beds  have 
been  raised  and  broken  by  the  water,  and,  in  some  places,  piled  up  in  walls, 
or  barriers,  which  have  a  very  artificial  appearance. 

At  the  lower  dam,  on  the  Menomonee,  a  little  above  the  water,  limestone 
is  observed,  in  places,  on  the  tight  bank,  its  surface  being  ground  do^ii,  and 

Srooved  with  drift-scratches.  Its  character  is  very  similar  to  that  of  the 
irds-eye,  and  the  only  fossils  observed  werccrinoidal  joints. 
The  west  side  of  Green  bay,  from  the  mouth  of  the  Menomonee  to  its 
head,  was  explored  by  Messrs.  Whittlesey  and  Desor.  The  specimens 
collected  showed  a  continuation  of  the  same  limestones  which  had  been 
observed  from  Little  Bay  des  Noquets  to  the  Menomonee.  The  fossils 
collected  were  two  species  of  jMurchisonia^  Pleurotomaria  lenticular  is,  and 
several  Brachiopoda. 

Afler  examining  the  eastern  shore  of  Green  Bay,  I  took  up  my  observe - 
tions  upon  the  same  limestones  at  Depere,  tracing  them  along  the  Fox  river 
to  the  outlet  of  Lake  Winnebago.  Subsequently,  in  order  to  connect  the 
geology  of  the  Lake  Superior  district  with  that  of  the  Chippewa  district,  I 

continued  my  examinations  across  the  $tate  of  Wiscoi[i«\a  to  ll^t  Mmssi^^ 
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river,  and  thence,  at  intervals,  along  that  river  to  the  falls  of  St.  Antkonjr. 
At  Mineral  Point,  the  lower  members  of  the  series  have  become  very  argi/- 
laceous,  weathering  into  a  light  drab  color,  and  are  characterized  by  nume- 
rous fossils.  At  Plattsville,  the  Birds-eye  layers  are  pretty  well  defined, 
though  associated  with  much  shaly  matter  and  some  layers  of  dark  shale. 
The  rock,  on  being  freshly  fractured,  is  very  dark-colored,  but  weathers  to 
an  ashen  hue.  The  Trenton  limestone,  which  succeeds,  is  thin-bedded  and 
light-colored,  and  all  that  remains  is  scarcely  more  than  twenty-five  feet  in 
thickness.  The  same  features  are  observed  at  Galena,  and  again  at  Du- 
buque. At  the  latter  place,  the  connection  of  this  group  with  the  suc- 
ceeding limestone  is  very  obvious.  In  all  these  localities,  the  entire  thick- 
ness of  these  lower  limestones,  which  can  clearly  be  identified  with  the 
Trenton  and  associated  limestones  of  the  east,  is  less  than  fifty  feet ;  but  it 
i^  possible  that  some  better  exposures  would  give  a  greater  thickness. 

I  conceive  that  there  can  be  no  longer  a  doubt  in  reference  to  the  ace  of 
the  limestones  under  consideration.  Their  identity  with  those  of  iJew 
York  and  of  Canada  has  been  established,  not  only  by  a  comparison  of  the 
fossils,  but  also  by  tracing  almost  continuously  their  range  from  the  Mo- 
hawk, Champlain,  and  Black-river  valleys,  through  Canada,  to  the  eastern 
limits  of  this  district,  and  thence  westward,  continuously,  to  the  Mississippi 
river. 

These  remarks  also  apply  to  other  groups,  concerning  which  some  differ- 
ence of  opinion  has  heretofore  pej-vailed.  Feeling  the  necessity  of  adopt- 
ing some  recpgnized  standard,  we  have  referred  these  subdivisions,  so  well 
marked,  to  those  which  have  already  been  made  by  the  New  York  geo- 
logists. 

Before  leaving  the  subject  of  these  limestones,  it  will  be  necessarj'  to 
recall  to  mind  some  observations  made  on  the  Escanaba  river,  above  the 
Lower  falls,  and  at  the  bend  above  the  Meadow.  The  upper  layers  of  grey 
limestone,  at  the  last  named  point,  have  a  thickness  of  some  fifteen  leet, 
are  meagre  in  fossils,  and  do  not  appear  to  be  identical  with  any  portion  ot 
the  series,  which  I  have  observed  farther  east.  In  going  westward,  I  had 
not  an  opportunity  of  observing  the  overlying  deposits  of  the  Trenton 
limestone  until  I  arrived  in  Wisconsin.  Here,  in  numerous  localities,  as 
well  as  in  Illinois  and  Iowa,  the  deposit  above  that  which  is  marked  by  an 
abundance  of  fossils  characteristic  of  the  Trenton,  is  a  grey,  or  drab-colored 
limestone,  and  very  friable,  forming  a  part  of  the  "  cliff  limestone"  of  the 
Ohio  and  Indiana  reports,  and  is  called  by  Dr.  Owen,  in  his  report  on  the 
Lead  region,  the  "upper  magnesian  limestone."  From  its  position,  as 
well  as  its  lithological  characters,  it  appears  that  this  limestone,  which  is 
the  principal  lead-bearing  rock  in  these  states,  is  a  continuation  oif  that  no- 
ticed on  the  Escanaba,  lyiiig  above  the  fossiliferous  beds  of  the  Trenton 
limestone ;  but  that  it  has  increased  in  thickness,  as  traced  westwardly,  and 
becomes  an  important  member  of  the  series ;  and  hence,  we  have  designated 
it  in  the  classification  of  the  rocks,  as  the  "  Galena  limestone." 

In  the  neighborhood  of  Galena,  Dubuque,  Mineral  Point  and  other  places, 
there  are  numerous  localities  where  a  direct  succession  in  the  beds  may  be 
traced.  It  is  very  evident  that  this  limestone  diminishes  in  thickness  east- 
wardly  from  these  points,  and  becomes  a  very  subordinate  member  of  the 
series,  losing,  at  the  same  time,  its  metalliferous  character,  i^rom  the 
pjeneral  absence  of  fossils,  and  from  its  resemblance  to  the  next  succeeding 
Jjmestone  in  lithological  character,  no  distinction  has  usually  been  mad< 
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between  them.  In  the  localities  cited,  particularly  in  the  neighborhood  of 
Dubuque,  the  higher  grpunds  are  occupied  by  a  limestone  containing  an 
abundance  of  Catenipora,  HelioliteSy  and  other  corals  marking  it  as  of  the 
age  of  the  Niagara.  From  the  relative  position  of  these  coral-bearing 
rocks  to  the  lead-bearing  strata,  it  has  been  inferred  that  they  were  but 
parts  of  the  same  group,  and  they  have  heretofore  been  described  as  such. 

This  was  the  state  of  our  knowledge,  when  I  examined  this  series  in 
1841,  and  having  Satisfied  myself  that  the  coral-bearing  limestone  of  Wis- 
consin and  Iowa  could  be  clearly  identified  with  the  Niagara  m-oup  of  New 
York,  I  expressed  the  opinion  that  the  lower  part  of  the  cliff  limestone  was 
of  the  same  age.  Up  to  the  present  time  (1850)  I  am  not  aware  of  any 
published  evidence  from  an  examination  of  the  rock  in  place,  to  prove  that 
the  lead-bearing  rock  is  of  lower  Silurian  age.*  The  principal  fossil  re- 
sembles a  Coscinopora,  but  is  probably  a  Recepiaculites.  1  have  found, 
however,  in  the  same  rock,  the  head  of  an  IlltentcSy  a  LeptanUy  not  unlike 
L.  altemata,  Spirifer  lynx^  and  Atrypa  intrehesccns.  The  still  higher, 
tkin-bedded,  argillaceous  limestone  contains  a  species  of  Lingular  undis- 
tinguishable  from  L.  suhquadrata,  Spirifer  lynXj  P.eurotomaria  lenticula- 
risy  Murchisonia  hellicincta^  and  another  species  with  angular  volutions,  a 
large  Ortftoceras,  and  fragments  of  Illcenus,  Up  to  this  point,  I  found  no 
corals  of  the  Niagara  period,  and,  though  the  fossils  are  not  numerous,  they 
are  all  of  lower  Silurian  forms,  and  furmsh  the  best  evidence  we  have  of  the 
age  of  this  limestone. 

This  lead-bearing  rock,  as  before  observed,  rests  upon  fossiliferous  strata 
of  the  Trenton  age,  which  can  be  recognized  as  the  identical  group  traced 
over  several  hundred  miles.  The  galena  sometimes  penetrates  the  Trenton 
series,  in  films  or  sheets,  but  does  not  form  veins,  as  in  the  grey,  heavy- 
bedded  limestone  above. 

From  all  the  evidence,  therefore,  the  lead-bearing,  or  Galena  limestone, 
must  be  regarded  as  a  distinct  member  of  the  lower  Silurian  system,  which 
is  not  recognized  at  the  east.  From  its  gradual  diminution  in  thickness,  its 
source  appears  to  have  been  towards  the  west.  The  conditions  of  the  ocean, 
though  favorable  to  the  deposition  of  this  immense  mass  of  calcareous  mate- 
rials, w^ere  unfavorable  to  the  development  of  organic  life ;  for,  although 
there  remain  a  few  species  which  continue  through  the  period  of  its  depo- 
sition, the  greater  number  known  in  the  group  below  did  not  survive  beyond 
the  commencement  of  this.  The  occurrence  of  more  highly  fossiliferous 
strata  above,  still  of  lower  Silurian  age,  would  show  that  the  Galena  lime- 
stone does  not  form  a  series  of  transition  beds  between  the  upper  and  lower 
Silurian. 

To  the  south  and  south-west,  this  rock  is  of  limited  extent,  probably 
nearly  coincident  with  the  lead  region;  the  universal  testimony  showing 
that  no  productive  lead  mines  exist  m  the  western  states,  out  of  the  range 
of  this  rock. 


•  Mr.  Conrad,  in  th«  proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia, 
1843,  expressed  his  opinion  that  the  lead-bearing  limestone  was  of  the  age  of  the  Trenton, 
from  certain  fossils  obtained  at  Mineral  Point.  These  fossils  are  from  the  Trenton  lime- 
stone proper,  but  no  productive  veins  are  known  to  occur  in  that  rock  so  far  as  I  can  learn. 
Dr.  Owen  in  his  report  upon  that  region  has  remarked  that  the  veins  die  out  on  reaching 
the  *<  blue  limestone."  This  blue  limestone,  in  Wisconsin,  is  no  other  than  the  Trenton 
limestone  containing  large  numbers  of  the  fossils  peculiar  to  that  rock,  and  underlying  the 
bhie  marl  and  limestone  of  Cincinnati  and  other  western  localities,  and  which  are  UQt  rcco^- 
oiscd  in  ccoitral  and  western  Wisconsin. 
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This  fact  sets  at  rest  all  speculations  as  to  the  probable  metalliferous  cha- 
racter of  certain  rocks  \^hich  have  been  supposed  to  be  identical  with  the 
Galena  limestone.  The  lead-bearing  rock  is  a  peculiar  one,  holding  a  cer- 
tain place  in  the  series,  and  of  limited  geographical  extent.  It  is  metal- 
liferous throughout  the  greater  part  of  its  known  limits,  where  it  has 
considerable  thickness.  The  lead  veins  are  almost  wholly  confined  to  it, 
and  evidently  have  their  source  in  it.  The  small  quantities  sometimes  found 
below  its  base  are  in  seams  that  die  out,  as  they  penetrate  the  inferior  rock, 
and  it  often  takes  the  form  of  interlaminations  among  the  strata,  having 
little  connection  with  the  lower  masses. 

Regarding  the  higher  beds  before  alluded  to  as  identical  with  the  Galena 
limestone,  it  is  not  probable  that  the  rock  contains  any  valuable  deposits  of 
ore  within  the  Lake  Superior  district ;  but,  on  the  other  hand,  the  small 
thickness  of  the  mass  would  preclude  the  possibility  of  the  occurrence  of 
valuable  veins.  The  fact  of  the  existence  of  this  rock,  as  a  distinct  mem- 
ber of  the  series,  is  interesting  in  a  geological  point  of  view,  and  opens  the 
Question  as  to  the  completeness  of  the  series,  which  has  been  studied  in 
few  York,  Canada,  Pennsylvania  and  Virginia. 
There  is  another  question  which  may  arise,  and  that  is,  as  to  the  relations 
of  the  lead-bearing  rock  to  the  Hudson-river  group ;  for  there  appears  to 
be  little  probability  of  identifying  this  group,  at  any  of  the  localities  west 
of  Lake  Michigan.  If  the  upper,  ash-colored  beds  on  the  Escan^ba  are 
identical  with  tne  Galena  limestone,  there  is  then  no  difficulty  in  determin- 
ing the  question  ;  for  the  Hudson-river  group  is  superior  to  this  limestone. 
AJthough  I  am  not  aware  that  the  ^hales  of  this  group  have  been  recog- 
aized  in  Wisconsin,  or  Iowa,  I  am  disposed  to  believe  that  the  numerous 
dossils  found  in  the  drift, — among  which  are  a  small  JVucula,  CletdophoruSy 
Pleurotomariay  and  others, — are  derived  from  the  destruction  of  beds  of  that 
ige,  which  lie  above  the  Galena  limestone.  This  opinion  is  further  strength- 
ened from  having  found  on  Little  Bay  des  Noquets  some  beds  filled  with 
small  fossils  similar  to  those  noticed ;  and  I  have  received  a  specimen  of 
similar  character,  said  to  have  been  procured,  in  place,  near  Galena 


HUDSON-RIVER    GROUP. 


The  first  appearance  of  this  group,  in  this  district,  is  upon  the  northern 
side  of  Drummond's  island,  where  it  lines  the  shore  for  the  distance  of  seve- 
ral miles, 'forming,  in  fact,  that  portion  of  the  island  lying  north  of  the  deep 
bays  which  indent  its  eastern  and  western  extremities.  The  thickness  ex- 
posed is  not  Inore  than  thirty  or  forty  feet  of  the  upper  part  of  the  group, 
consisting  of  some  calcareous  beds,  with  Favistella  stellata  in  great  abun- 
dance. Below  these  are  alternations  of  shaly  and  calcareous  layers  with 
Sfrcptdasmay  Chcetetes,  Spirifer  lynx,  Atrypa  increbescenSy  Orthis  occi" 
dentalisy  Modiolopsis  modiolarisy  Arribonychia  radiatuy  and  other  forms, 
characteristic  of  this  period. 

As  the  strata  appear  here,  they  are  far  more  calcareous  than  in  New 
York,  and  approach  in  character  the  same  beds  in  Ohio  and  Indiana ;  while 
the  prevailing  fossils  are  those  which  predominate  in  the  western  localities. 
From  the  evidence  here  observed,  this  group  of  strata  has  undergone  great 
changes  between  this  point  and  the  northern  shore  of  Lake  Ontario ;  the 
changes  being  in  the  accession  of  calcareous  and  the  diminution  of^areni^* 
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was  matter.  In  the  state  of  New  York,  the  preyailing  characters  of  the 
rata  are  shaly  and  arenaceous,  calcareous  matter  being  subordinate  to  the 
ther  two. 

After  leaving  Drummond's  island,  we  had  no  good  opportunity  of  seeing 
le  strata  of  this  group,  before  arriving  at  Pointe  aux  Baies,  between  Great 
id  Little  Bays  des  Noquets.  Here,  the  calcareous  shales,  with  thin 
mds  of  limestone,  indicate  the  higher  portions  of  the  group,  and  are 
larged  with  fossils,  principally  those  before  noticed.  The  highest  layer 
sible  contains  large  numbers  of  Ambonychia  radiatay  with  a  few  speci- 
ens  of  Modiolopsis  modiolaris.  The  surface  of  the  country  on  the  east 
de  slopes  gradually  down  to  the  level  of  the  water,  and  offers  no  oppor- 
inity  for  determining  the  nature  of  the  beds  upon  that  side.  On  the 
estern  side,  however,  there  is  a  low  escarpment,  interrupted  at  intervals, 
ut  nearly  continuous,  to  a  point  opposite  the  mouth  of  the  Escanaba 
ver.  The  strata  exposed  along  this  coast  consist  of  alternations  of  cal- 
ireous  and  argillaceous  beds,  above  which  is  a  considerable  thickness  of 
renaceous  and  calcareous  strata,  readily  crumbling  on  exposure  to  the 
eather.  The  highest  portions  seen  are  compact  strata  of  impure  lime- 
:one,  containing  both  arenaceous  and  argillaceous  matter  incorporated  with 
le  mass  and  intercalated  in  thin  layers.  In  the  lower  beds,  the  fossils  are 
rincipiiUy  Brachiopoda ;  Orthis  testudinaria,  Leptiena  sericia,  and  i. 
Itemaia  being  the  prevailing  forms.  A  single  thin  stratum  is  charged 
ith  small  Jfuculoy  Cleidopkorus  and  minute  Gasteropoda.  Another  cal- 
ireous  layer  is  partially  filled,  and  the  upper  surface  covered,  with  frag- 
lents  of  Isotelus.  This  stratum  can  be  traced  continuously  for  more  than 
mile  along  the  coast,  and  is  everywhere  charged  with  these  fragments. 
.  single  articulation  from  the  shaly  mass,  just  above  this  layer,  measured 
in  inches  in  length,  which  represents  the  transverse  diameter  of  the 
ttimal,  the  length  having  been  twice  as  great.  Many  of  the  layers  are 
jmpletely  covered  with  fragments  of  branching  forms  of  Chatetes  lyco- 
erdoriy  and  considerable  variety  of  surface  is  presented  among  them. 

In  the  succeeding  beds  there  are  some  thin,  calcareous  layers,  with 
kthis  testudinaria  and  Spirifer  lynx  in  the  softer  and  lower  shale,  while 
1  the  higher  portions  occur  the  Modiolopsis  and  Ambonychia^  with  a  few 
hthoceratifes.  The  heavy,  calcareous  beds  above  have  still  the  same 
3S8ils  as  those  next  below,  w^hich  we  have  just  enumerated. 

Except  in  lithological  characters,  arising  from  the  accession  of  calcareous 
latter,  and  the  almost  entire  absence  of  arenaceous  strata,  the  similarity 
•etween  these  beds  and  the  upper  beds  of  the  Hudson-river  group,  -as 
leveloped  in  north-western  New  York,  is  complete. 

Although  their  actual  contact  with  the  Trenton  limestone  was  not 
bserved,  there  can  remain  no  question  as  to  their  relative  position.  The 
mestones,  as  already  described,  exist  upon  the  west  side  of  the  bay,  with 

uniform  dip  south-easterly  in  a  direction  at  right  angles  to  the  curve  of 
heir  outcrop.  The  beds  of  the  Hudson-river  group  show  an  escarpment 
•n  the  east  side,  dipping  conformably  with  those  on  the  west,  and  conse- 
luently  lying  above  them.  This  fact  is  important  to  be  established  here ; 
or,  there  can  be  no  doubt  of  the*  positive  identity,  in  composition  and  fossil 
stents,  of  the  shales  and  calcareous  beds  of  Pointe  aux  Baies  and  Little 
Bay  des  Noquets  with  the  ''blue  limestone  and  marls"  of  Cincinnati,  Ohio, 
cf  Madison,  Indiana,  and  other  places. 

For  these  beds,  then^  on  the  northern  shore  of  Lake^Michigaa>^^  ei^V 
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lish  a  distinct  geological  horizon,  and  in  tracing  westward  the  Trenton  lim^ 
stone,  we  prove  that  they  are  not  contemporaneous  with,  or  a  continuation 
of,  that  group.  If,  therefere,  this  is  the  case  in  the  north,  it  is  a  legitimate 
inference  that  those  further  south  hold  the  same  relation  (although  we  are 
not  able  there  to  see  the  base  of  the  Hudson-river  group) ;  and  the  further 
inference  may  be  drawn,  that  the  blue  limestone  and  marls  of  Cincinnati 
and  other  localities  do  not  include  the  Trenton,  or  any  of  the  lower  lime- 
stones, but  are  strictly  the  equivalent  of  the  Hudson-river  group,  being,  in 
fact,  everywhere  but  a  continuation  of  it,  chan^ng,  as  we  go  westward,  it« 
lithological  characters,  and  including  other  fossils. 

It  has  been  deemed  necessary  to  go  somewhat  into  these  details,  for  tlw 
reason  that  it  has  been  made  a  question  whether  the  groups  of  New  Yorl 
were  continuous  and  could  be  recognized  in  the  west;  and,  particularly 
whether  the  blue  limestone  and  associated  marls  could  be  identified  withthi 
Hudson-river  group  of  New  York. 

The  conditions  of  the  Hudson-river  group,  in  the  west  and  south-west 
are  such  as  we  might  expect,  when  we  consider  the  source  from  whence  tb 
materials  have  been  derived, — that  is,  from  the  east  and  the  north-east 
The  coarser  materials  were  first  deposited,  while  the  finer  portions  wer 
carried  farther  into  the  ocean,  and  thrown  down  as  the  current  diminishe 
in  velocity  ;  consequently,  we  should  expect  just  what  we  find,  an  impal 
pable  mud,  which,  mingling  with  calcareous  matter  derived  from  organi 
or  other  sources,  has  produced  such  a  deposit  as  we  see  distributed  over  s 
wide  an  area.  It  is  not  to  be  expected  that  a  sedimentary  deposit,  mad 
under  such  circumstances,  should  present  a  homogeneity  of  aspect  over  tl: 
whole  area.  Greater  depth  of  ocean,  distance  from  land  and  from  tl 
source  of  supply,  as  well  as  conflicting  currents,  would  unite  in  producin 
the  changes  which  we  observe ;  and  this,  so  far  from  creating  surprise, 
what  we  might  reasonably  expect. 

In  tracing  the  boundaries  of  the  Hudson-river  group  on  the  map,  it  wi 
be  seen  that,  from  Pointe  aux  Baies,  its  trend  is  in  the  direction  of  Gre< 
Bay,  and  there  is  no  doubt  that  this  arm  of  Lake  Michigan  has  result( 
from  its  excavation  and  removal,  affording  a  striking  example  of  the  depei 
dence  of  the  topographical  features  of  a  country  upon  its  geological  strut 
ture.  It  is  not  until  arriving  near  the  head  of  the  bay,  on  the  eastern  shor 
that  we  again  meet  with  the  shales  and  calcareous  beds  of  this  grou 
forming  an  escarpment  which,  with  some  interruptions,  continues  to  tl 
"Red  banks,"  where  it  is  concealed  by  alluvium;  but  beyond  this,  it  cf 
be  traced  along  the  base  of  an  escarpment,  as  far  as  Lake  Winnebago.  I 
development  along  the  eastern  margin  of  this  lake  has  been  exammed  I 
Mr.  Whittlesey.  From  this  point,  I  have  been  able  to  learn  little  of  i 
occurrence  in  a  southerly  direction,  in  Wisconsin  and  Illinois.  In  a  sout^ 
westerly  direction,  in  passing  through  these  states,  I  saw  nothing  of  it,  b 
yond  what  has  already  been  noted  in  the  remarks  on  the  Trenton  limeston 
It  is  not  impossible  that  this  group  may  be  found  to  exist  in  the  north-wes 
if  so,  it  must  lie  above  the  Galena  limestone,  which  does  not  enter  into  01 
estimates,  in  speaking  of  the  Trenton  and  Hudson-river  groups  in  eastej 
localities. 

From  the  observations,  made  upon  the  shores  of  Little  Bay  des  Noque 
and  of  Green  Bay,  it  is  evident  that  this  group  has  greatly  dhninished  fro 
its  amplitude  in  New  York,  or  in  the  vicinity  of  Cincinnati.  The  aggn 
g^te  of  all  the  beds  seen  would  not  give  over  one  hundred  or  one  hundre 
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&nd  fifty  feet,  though  it  is  by  no  means  certain  that  we  have  been  able  to 
see  the  entire  thickness.  In  localities  at  a  distance  from  the  lake-shore, 
the  junction  of  this  group  with  that  above  and  below  is  concealed  by  drift 
and  alluvium,  while  no  absolute  point  of  contact  could  be  observed  along 
the  shores  of  the  bays  and  rivers. 

From  what  has  been  stated,  we  believe  it  will  be  admitted  that  this  group 
does  undergo  the  lithological  changes  which  we  have  pointed  out,  and  that 
to  these  changes  are  due  the  peculiar  characters  of  the  blue  limestone  and 
marls  of  Cincinnati. 

We  shall  attempt  to  show  in  the  succeeding  pages  that  with  this  group 
terminates  the  true  fauna  of  the  lower  Silurian  period. 
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CHAPTER  X. 

UPPER  SILURIAN  AND  DEVONIAN  SERIES. 


Clinton  Group. —  Its  Development  on  Drummond's  Island. —  On  Big  Bay 
det  JVoqtiets, —  On  the  Eastern  Shore  of  Grem  Bay.~-  Pucoidal  Mark- 
ings.—  Tracks  and  Trails  of  Animals, —  Its  Prolongation  into  Wisconsin. 
— Jit  Hartford. —  Conditions  of  the  Ocean  at  this  Period. —  j\vigan 
Group. —  Range  of  some  of  the  Fossils. —  Its  Development  on  Dmmmon£t 
bland. —  Fossil  Contents. —  Character  at  Point  Patterson  and  Poiait 
Detour. —  Summer  Islands. —  Peninsula  of  Green  Bay. —  Lithological  Cha- 
racters.—  Section  at  Big  Bay  des  JVoquets. indent  Coral  Reefs. —  Pro- 

bable  Condition  of  Uteir  Growth. —  Thicltness  of  the  JOagara  and  CliniM 
Groups. —  Onondaga  Salt  Group. —  Its  External  Characters. —  Range  wi 
this  District. —  Organic  Remaijis.^  Missing  Groups  which  occur  in  JVra 
York.  —  Evidences  of  Ancient  Denudation. —  Source  of  various  Econtmt 
Materials. —  Devonian  System. —  Upper  Helderberg  Series. —  Mackinac 
Utnestone.— Gros  Cap. —  Island  of  Mackinac.^  Arched  Rock. —  Sugar 
Loaf. —  Fossil  Contents. 


View  near  Gros  Cap,  Lake  Michigan. 


CLINTON   GROUP. 


We  now  commence  our  description  of  the  groups  which  compose,  in  t;iii 
liistrict,  the  upper  portion  of  the  Silurian  system,  to  wit:  the  Clinton 
group,  the  Niagara  group,  and  the  Onondaga  salt  group.  The  Medina 
sandstone,  which  occurs  below  the  Clinton  group,  in  New  York,  has  not 
been  recognized  in  this  district  sufficiently  developed  to  require  a  separ.ite 
notice,  wnile  highur  up  in  the  series,  there   occur  sfveral  well-marke  I 
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groups  in  New  York,  which  are  entirely  wanting  here.     These  will  be 
adverted  to  in  the  succeeding  pages  of.  this  report. 

Resting  at  the  base  of  the  upper  Siluriaft,  we  find  the  Cinton  and 
Niagara  groups,  which  are  here  so  intimately  associated  with  each  other, 
that  the  fine  of  demarcation  between  them  cannot  readily  be  drawn.    . 

It  has  been  shown  in  the  reports  on  the  geology  of  New  York,  that  the 
strata  composing  the  Clinton  group  contain  a  larger  proportion  of  calcareous 
matter  as  they  are  traced  to  the  westward ;  wliile,  in  the  same  direction, 
the  shaly  and  argillaceous  beds  gradually  dimuiish  in  thickness  and  import- 
ance. 

So  great  is  this  change,  that  this  group,  which,  in  the  central  part  of  the 
state,  consists  mainly  of  shaly  and  arenaceous  beds  with  very  subordinate 
layers  of  calcareous  matter,  is,  at  the  Niagara  river,  made  up  of  two  mem- 
bers of  limestone  and  one  of  shale.  Although,  in  some  Canadian  localities, 
the  shaly  and  arenaceous  beds  acquire  a  temporary  importance,  yet  the  cal- 
careous matter,  on  the  whole,  greatly  predominates. 

The  first  point  in  the  district,  where  the  strata  of  the  Clinton  group  were 
observed,  is  at  the  eastern  extremity  of  Drummond's  island.  Here,  in  some 
thin,  calcareous  beds,  at  the  level  of  the  water,  we  recognized  several  fossils 
of  this  group.  The  strata  are  thin-bedded,  of  an  argillo-calcareous  cha- 
racter, and  of  an  ashen  or  drab  color.  Only  a  'few  feet  in  thickness  are 
exposed,  and,  alone,  they  would  hardly  have  been  regarded  as  of  any  impor- 
tance. These  beds,  however,  are  below  others  w^hich  are  well-characterized 
by  an  abundance  of  Niagara  fossils,  and  overlie  other  strata  belonging  to  the 
Hudson-river  group,  though  the  actual  junction  of  the  two  has  not  been 
observed.  In  going  westward,  along  the  northern  shores  of  the  Lakes  Hu- 
ron and  Michigan,  I  was  unable  to  ooserve  any  beds  so  low  as  those  on  this 
art  of  Drummond's  island,  until  after  having  passed  the  entrance  to  Little 
lay  des  Noquets.  About  three  miles  above  this  point,  and  along  the  base 
of  a  high  bluff,  I  found,  at  the  water-level,  layers  of  precisely  the  same 
character  and  characterized  by  the  same  fossils.  The  fossils  consisted  of  a 
species  of  Cytherina^  an  Aviciday  and  Murchisonia  suhulata^  At  this  local- 
ity, they  lie  at  the  base  of  a  chff  about  two  hundred  and  fifty  feet  in  height. 
These  thin  beds,  as  traced  upwards,  gradually  pass  into  thicker  beds  which 
belong  to  the  Niagara  group.  We  must  regard  these  thin,  calcareous  strata 
as  intermediate  between  the  two  groups,  containing,  however,  no  fossils  cha- 
iacteristic  of  the  Niagara  period. 

In  examining  the  eastern  shore  of  Green  Bay,  w'e  find  thin-bedded  cal- 
careous strata  extending  from  near  Washington  Harbor  to  Sturgeon  Bay, 
identical  in  general  character  with  those  at  the  eastern  extremity  of  Drum- 
mond's island  and  Big  Bay  des  Noquets.     Some  beds  were  observed  to  be 
more  silicious  and  very  compact ;  and,  in  many  instances,  separated  by  thin 
layers  of  green  shale.     They  maintain  this  uniform  character  nearly  the 
entire  distance  indicated.     The  line  of  the  coast  is  nearly  coincident  with 
The  bearing  of  the  strata,  so  that  we  have  no  opjportunity  of  seeinff  beds 
through  a  greater  vertical  range  than  fifty  feet.     On  both  shores  of  Stur- 
geon Bay,  we  find  beds  somewhat  higher  in  the  series,  and  more  calcareous 
in  composition,  the  highest  of  which  are  charged  with  casts  of  Pentamerus 
cblongus.    X)n  the  north-eastern  side  of  the  bay,  we  noticed  a  single  bed 
with  strong,  rigid,  fiicoidal  markings  which  are  characteristic  of  some  por- 
tions of  the  Clinton  group  in  New  York. 
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On  the  south-western  side,  and  on  the  next  point  of  land  in  the  same 
direction,  the  following  section  in  an  ascending  order  may  be  seen. 

5.  Ligbt-grey,  or  drab-colored  limestone,  friable,  with  Pmtameni^  ohlongusy  corals,  &c. 
Some  ol*  tho  -layers  are  two,  or  three  feet  thick.  One  layer  marked  with  a  net-work  ol 
fUcoids,  the  stems  one-half  or  three-fourths  of  an  inch  in  diameter.  —  Thickness,  10 
feet.* 

4.  Thin,  calcareous,  with  silico-calcareous  layers,  the  same  as  were  noticed  at  Windy  En- 
campmsnt,  on  the  east  side  of  Green  Bay,  opposite  the  mouth  of  the  Henomonce  river, 
graduating  into  the  mass  below,  but  still  showing  a  line  of  separation.  —  Thickness  from 
6  to  10  feet. 

8.  Shaly  beds  alternating  with  silicious,  silico-argillaceous  and  silico-calcareous  layers  of 
▼ariable  thickness.  —  Upper  part  more  calcareous,  the  layers  in  many  places  having  a 
concretionary  stnicture,  and  containing  Cytlievina. ;  a  continuation  of  the  beds  seen  at 
the  lake-level,  on  Drummond's  island,  and  at  the  cliffs  of  Big  Bay  des  Noquets.  —  Thick- 
ness, 15  feet. 

2.  A  heavy-bedded,  silico-argillaceous  limestone  of  a  greenish  color,  with  nodules  of  horn- 
stone. —  Thickness,  6  feet. 

1.  A  soft,  brittle,  greenish  colored  mass,  apparently  calcareo-argillaceous,  extending  4  or  5 
feet  above  the  water-level. 

A  few  miles  farther  to  the  south-west,  the  successive  layers  present  the 
following  section.  (A  mile  farther  on,  about  fifty  feet  of  the  same  section 
can  be  seen  at  a  single  exposure  in  the  cliff.) 

6.  Friable  limestone  with  Pentaments  oblongiis,  — 10  feet. 

4.  Hard,  thin-bedded  limestone,  more  or  less  silicious,  with  thin  bands  of  greenish  shale.— 
10  feet. 

3.  A  mass,  the  upper  layers  of  which  are  calcareous,  contahiing  Cytherittny  succeeded  br 
shaly  layers  of  a  greenish,  or  chocolate  color,  'with  intercalated,  silicious  layers.  Kipple 
and  fucoidal  markings,  and  tracks  and  trails,  possessing  all  the  characters  of  those  of  the 
Clinton  group  in  New  York.  Tho  upper  layers  are  less  Tjalcareous  than  the  correspond- 
ing ones  farther  east. —  20  to  25  feet. 

1.  Compact,  tough,  argillo-silicious  rock,  with  interspersed  nodules  of  silicious  matter,  some- 
times in  layers  more  or  less  continuous. —  6  feet. 

1.  Green,  shaly  rock,  crumbling  rapidly  on  exposure  and  showing  a  concretionary  struc- 
ture, and  occasionally  with  small  cavities. —  20  feet. 

In  the  preceding  section,  the  lower  part,  as  well  as  the  six  feet  mass 
above,  is  entirely  destitute  of  fossils.  The  succeeding  beds  are  every- 
where characterized  by  fucoidal  markings,  by  tracks  and  trails  of  some 
animals,  by  ripple-marks  and  by  smooth,  even,  beach-like  surfaces,  on 
some  of  which  there  are  irregular  depressions  like  those  worn  by  water 
under  the  influence  of  wind  and  tidal  currents. 

The  peculiar  features  of  this  group  resemble  so  much  those  of  the  same 
group  in  central  New  York,  that  their  identity  is  unmistakable.  The 
layers  of  the  six  feet  mass,  next  below  this,  resemble  very  closely  the 
grey  band,  or  upper  member  of  the  Medina  sandstone,  while  the  next 
below  has  the  color  and  texture  of  this  sandstone ;  and,  although  there 
is  no  other  evidence  than  position  in  relation  to  the  positively  identified 
lower  part  of  the  Clinton  group,  it  camiot  be  reasonably  doubted  that 
we  have,  at  this  remote  point,  the  representative  of  this  sandstone,  which 
in  New  York  and  Canada  forms  an  important  member  of  the  series.  From 
the  difficulty  of  obtaining  a  view  of  the  whole  series,  arising  either  from 
denudation,  as  on  the  northern  side  of  Drummond's  island,  or  from  their 
obscuration  by  drift  accumulations,  as  at  other  places,  we  are  no!  able  to  say 

♦  This  binl  U  at  the  level  of  tha  lake,  on  the  N.W.  side  of  Sturgeon  Bay.  At  this  point, 
a  blnfT  of  lim33tonQ  rises  to  the  height  of  one  hundred  to  one  hundred  and  fifty  feet,  visible 
Bt  intervals,  though  msdaty  covered  with  forests.    TbiE  c\iff  ^w  ixoX  csssMnR^  vxv  detail. 
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irith  certainty  whether  these  peculiar  beds  exist  at  other  points  in  the  dis- 
trict.    However,  the  alternating,  shaly  and  arenaceous  beds,  marked  by 
racks  and  trails,  so  characteristic  of  this  group  in  central  New  York,  have 
low  been  found  here.     They  do  not  exist  in  Canada  for  a  long  distance 
rest  of  the  Niagara  river,  and  at  what  point  they  come  in,  we  are  at  pre- 
ent  unable  to  say,  having  observed  them  only  on  the  peninsula  of  Green 
lay.     These  evidences,  then,  of  shallow  water,  of  beaches,  marked  by 
he  trails  of  shells  and  other  animals,  which  have  been  ojbserved  in  New 
fork,  cease  for  a  long  interval,  thus  authorizing  the  inference  that  the  in- 
ervening  portion  of  tne  ocean  was  deeper  and  the  shores  more  remote. 
The  strata  of  limestone  and  shale  which  occupy  the  intervening  space  are 
charged  with  Brachiopoda  (and  for  the  first  time  the  genus  Pentamerus)^  a 
few  Acephalay  Gasteropoda  and  corals.     It  is  unquestionably  true,  there- 
Fore,  that  the  conditions  of  the  ocean,  where  one  class  of  these  deposits 
occur,  must  have  been  very  different  from  those  under  which  the  others 
were  thrown  down.     After  leaving  the  locality  cited  in  the  preceding  sec- 
tion, an  interval  of  two  miles  occurs,  where  no  rocks  are  visible,  when  a 
greyish-green  shale,  with  harder  calcareous  layers,  appears  on  the  shore  of 
the  bay.     These  beds  contain  fossils  of  the  Hudson-river  group,  or  lo'wer 
Silurian  series.     The  strata  rise  to  the  south-west,  but  so  gradually  that  it 
v?as  hardly  possible  to  have  passed  over  an  interval  of  fifty  feet  of  rocks 
not  observed ;  and  this  interval  with  the  non-fossiliferous  beds  at  the  base  ol 
the  last  section,  constitutes  the  beds  of  passage  from  the  lower  to  the  upper 
Silurian  rocks.     Although  the  lower  fossiliferous  beds  are  filled  with  organic 
remains,  among  which  occur  abundantly  the  Spirifer  lynXy  Orthis  testudi- 
uria,  Orthis  occidentalism  Leptaena  altemata,  and  others  ;  yet,  I  was  never 
able  to  detect  one  of  them,  either  in  the  beds  of  passage  or  in  the  fossilife- 
rous beds,  recognized  as  belonging  to  the  Clinton  group. 

It  will  be  observed  that,  in  our  examination  along  the  coast  of  the  lake 
from  the  St.  Mary's  river  to  the  Detour,  the  exposures  were  all  upon  the 
upper  or  inclined  surface,  dipping  lake- ward.  The  exceptions  were  of  minor 
importance.  From  the  Big  Bay  des  Noquets,  where  we  have  exposed  a 
complete  section  of*  the  strata,  our  observations  of  the  upper  Silurian  and 
the  upper  part  of  the  lower  Silurian  are  on  the  linfe  of  strike  and  upon  the 
exposed  cliffs  of  the  northern  outcrop.  In  the  first  instance,  the  slight  un- 
dulations gave  us  no  opportunity  of  penetrating  beneath  the  limestones  of 
one  group,  which,  from  their  uniform  character,  could  not  always  be  distin- 
guished from  one  another.  In  the  latter,  or^'on  the  outcrop,  every  undulation 
presented  us  with  an  opportunity  of  examining  beds  not  before  seen,  or  of 
recognizing  the  same  beds,  with  some  slightly  varying  characters. 

Although  no  good  opportunity  offered  for  tracing  these  beds  to  the  south- 
ward beyond  the  present  locality — which  extends  along  the  shore  of  Greeri 
Bay  for  a  few  miles  south-west  of  Sturgeon  Bay  —  yet,  it  would  appear 
that  a  part  of  the  shales  in  the  escarpment  from  the  head  of  Green  Bay  to 
lake  Winnebago,  and  along  the  eastern  shore  of  that  lake,  are  of  the  Clinton 
group.  Pursuing  the  same  course  a  little  farther  to  the  south-west,  we  have 
additional  evidence  of  the  occurrence  of  this  group ;  for,  on  the  western  side 
of  a  low  escarpment  of  limestone,  near  the  eastern  line  of  the  town  ol 
Hartford,  we  meet  with  a  greyish  crystalline  mass,  similar  to  that  seen  on 
the  shores  of  Green  Bay.  Here  occurs  a  band  of  iron  ore,  oolitic  in  its 
structure,  and  containing  more,  or  less  shaly  matter.  This  iron  ore  ia 
^istinguisbaUe  from  that  associated  with  the  Clintougtowi^m^^^XvA!^, 
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Although,  at  this  locality,  the  ore-bed  cannot  be  traced  to  a  direct  conne^ 
tion  with  this  limestone,  it  evidently  passes  below  it.  At  Sterling's,  the  ore 
is  four  or  five  feet  thick,  presenting  the  appearance  of  a  regular,  continuous 
bed,  surrounded  by  a  mass  of  pebbles  and  fragmentary  rocks,  accumulated 
during  the  drift  epoch.  It  would  appear  that  the  outcropping  edges  of  this 
bed  had  resisted  the  denuding  action  which  has  removed  the  shale  above 
and  below ;  while  the  ore  is  simply  broken  up,  without  having  been  removed 
or  transported. 

At  a  point  some  twenty  teet  higher,  the  limestone  crops  out;  while  the 
top  of  the  terrace  is  about  thirty  feet  above  the  iron  ore,  the  bottom, of  the. 
valley  is  about  the  same  distance  below. 

In  tracing  this  escarpment  fi^rther  to  the  north-east,  the  thickness  visibk 
is  from  twenty  to  twenty-five  feet.  At  another  point,  the  superincumbent 
limestone  recedes  to  the  eastward,  and  in  a  bend  thus  formed,  an  extensive 
ore-bed  has  been  opened,  by  simply  removing  the  surface  soil.  It  is  in  a 
loose  and  incoherent  condition,  like  some  of  the  beds  in  this  association,  in 
Oneida  county.  New  York.  ;  I  was  unable  to  detect  any  rock  in  connection 
with  the  ore,  the  under  surface  of  the  bed  not  being  visible.  Along  the 
base  of  this  escarpment,  rise  numerous  springs  which,  uniting,  form  a  per- 
manent stream,  indicating  the  existence  of  impervious  strata  beneath  the 
limestone  and  iron  ore.  The  surface  of  the  country  affords  no  deep  ravines, 
and  it  is  "v^nth  difficulty  that  the  line  of  the  outcrop  of  the  rocks  can  be  fol- 
lowed for  any  great  distance,  in  a  connected  manner.  These  localities  of 
iron  ore,  taken  in  connection  with  the  succeeding  limestones,  leave  no  doubt 
of  the  occurrence  of  this  portion  of  the  Clinton  group  in  Wisconsin ;  but 
beyond  this  point,  I  have  no  evidence  of  its  existence.  It  is  probable, 
however,  that  traces  of  it  will  be  found,  on  more  careful  examination,  in 
following  the  out-cropping  edges  of  the  limestones  in  a  more  southerly  di- 
rection. To  the  west  of  the  low  axis,  which  brings  up  the  lower  limestones 
and  sandstones  and  extends  to  the  southern  line  of  the  state,  I  have  no  evi- 
dence of  the  occurrence  of  any  members  of  the  Clinton  group. 

It  is  interesting,  however,  to  have  traced  over  so  great  an  area,  a  subor- 
dinate group  of  the  systems  which  have  been  recognized  in  New  York  and 
Pennsylvania ;  and,  although  having  in  some  places  the  appearance  of  local 
deposits,  it  is  proved  to  have  a  wide  distribution.  The  ocean  in  \^hich  these 
deposits  were  made,  however  different  they  may  be  at  distant  points,  was 
wide-spread,  with  occasional  shoals  and  insular  coasts,  as  evidenced  by  the 
marine  vegetation  and  the  tracks  and  trails  of  animals. 

The  iron-ore  beds,  forming  in  New  York  so  important  an  economical  fea- 
ture in  the  Clinton  group,  do  not  probably  occur  within  the  limits  of  the 
Lake  Superior  district,  though  they  do  in  Wisconsin.  We  are  led  to  this 
conclusion  from  the  fact,  that  they  disappear  in  the  region  of  the  CJenessee 
river,  and  have  not  been  observed  to  the  westward  of  that  point,  except  in 
Wisconsin.  Neither  along  the  shores  of  Green  Bay,  where  they  could  not 
have  escaped  observation  had  they  existed,  nor  at  localities  further  east  did 
we  detect  a  trace  of  them. 


NIAGARA  GROUP. 


It  is  scarcely  possible,  as  before  remarked,  to  describe  the  limestones  of 
the  Clinton  group,  observed  in  this  district,  as  distinct  from  those  of  the 
^^^agara  group.     The  thin-bedded,  ash-co\oTe4  audi  ^om^\\\X!kfe%  ^^Ttfi^x^tvoor 
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limestones  which  we  have  described  as  occurring  at  the  eastern  extre- 
y  of  Drummond's  island,  on  Bay  des  Noquets,  and  again  on  the  eastern 
re  of  Green  Bay,  pass  imperceptibly  into  Jimestones,  thicker  bedded, 
re  crystalline  and  often  porous  in  their  NStructure.  Along  the  eastern 
re  of  Green  Bay  the  Pentamerus  bed  limits  very  nearly,  the  more  com- 
t  and  thin-bedded  portions,  and  here  this  fossil  forms  a  reliable  guide  ; 

the  P.  oblongusy  which  in  New  York  is  never  known  above  the  Clinton 
up  proper,  does  enter,  as  we  have  been  able  to  discover,  in  many 
tern  localities,  into  the  Niagara  group.  It  may,  therefore,  be  doubted 
ither,  in  the  west,  the  calcareous  beds  of  this  period  can  be  distinctly 
=irated  into  groups ;  but  at  present,  I  am  not  able  to  determine  this 
stion,  which,  for  its  perfect  solution,  would  require  many  months  of  explo- 
on  with  a  careful  examination  of  the  succession  of  beds  and  their  fossil 
tents.  One  fact  of  interest  will  strike  the  observer,  who  is  familiar 
1  the  members  of  this  group  in  New  York,  and  that  is :  frona  the  com- 
icement  of  the  calcareous  deposits,  through  the  whole  period,  there  is 
ntemiption  of  the  materials,  except  by  thin,  shaly  intercalations  of  a 
k-green  color,  which,  although  indicating  that  this  material  still  re- 
ned  suspended  in  the  waters  of  this  ancient  sea,  was  not  sufficient  to 
1  beds  of  importance,  as  observed  farther  to  the  east.  "While  there,  the 
areous  deposits  have  been  interrupted  at  intervals,  and  form  beds  Con- 
ine, to  a  considerable  extent,  fossils  of  different  species,  and  distinct 
1  those  of  the  intercalated  shales ;  in  this  region,  there  are  no  strongly- 
ked  changes  in  lithological  or  fossil  characters. 

t  must  be  remembered,  however,  that,  for  the  most  part,  the  species  of 
ils  characteristic  of  the  Clinton  group,  are  wanting  in  all  the  localities 
mined.  Less  than  one-tenth  of  those  known  in  this  group  in  New  York, 
e  been  recognized  on  the  shores  of  Lakes  Huron  and  Michigan ;  but,  at 
same  time,  we  have  not  met  with  three  well-marked  new  species, — a 

number  probably  than  would  be  found,  with  equal  examination,  in  the 
le  beds  in  New  York.  Therefore,  no  new  conditions  of  life  have  super* 
ed  to  change  the  fauna  of  this  period,  though  a  general  paucity  of  or- 
ic  life  is  observed  in  the  lower  calcareous  beds. 

Lbove  the  thin- bedded  layers  already  noticed  as  containing  some  fossils 
the  Clinton  group,  the  beds  gradually  assiune  the  semi-crystalline  and 
lewhat  cellular  texture  which  is  so  characteristic  of  the  limestones  of 
I  period.     ^iYie  Pentamerus  beds  often  contain  corals ;  and,  in  a  higher 
ition,  where  this  limestone  has  assum^  the  characters  of  the  Niagara 
up,  with  its  characteristic  fossils,  this  shell  is  still  found. 
Phe  southern  portion  of  Drummond's  island  is  occupied  by  the  Niagara 
up :  the  beds  are  exposed  along  its  eastern,  western  and  southern  sides, 
pmg  southerly  pr  south-westerly ;  and,  at  several  places  along  the  south-, 
shore,  the  gently-sloping  surfaces  of  the  rock  afford  an  abundance  of 
rils.     In  a  single  locality,  we  were  enabled  to  see  strata  exposed  to  the 
:kness  of  twenty-five  feet,  charged  with  fossils,  consisting  chiefly  of 
als,  among  which  are  Catenipora  escharoideSy  C.  agglomeratay  Syringo- 
'a?  two  species,  and  Heliolites  spinipora,     Favosites  favosa,  and  jP 
garensisy  Astrocerium  venustuniy  Stromatopora  concentricay  Caniniay 
plaphylluniy  and  several  others,  characteristic  of  the  Niagara  period, 
long  all  these,  the  broken  and  separated  valves  of  the  Pentamerus  o6- 
gus  were  very  abundant.    We  were  also  enabled  to  trace  the  same  %to\i\k  * 
m  the  eastern  end  of  Pruzzunond's  island  across  the  souWi^^iu  ^x\x^\s^V{ 
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of  St.  Joseph's,  and  thence  along  the  coast  and  is/^nds,  from  the  mouth  ol 
the  St.  Mary^s  westward.  In  several  of  the  localities,  the  rock  has  a  lighter 
color  than  usually  belongs  to  the  Niagara  group,  and  contains  casts  of  a 
species  of  Pentamerus  similar  to  one  known  at  Gait,  in  Canada  West. 

The  rocks  at  Pointe  St.  Vital,  and  at  other  places  in  this  neighborhood, 
have  the  aspect  of  the  higher  beds  of  the  Niagara  group,  which  evidently 
jiass  northward  of  Mackinac  and  Pointe  St.  Ignace. 

My  obser-vation  upon  beds  of  this  period'  was  again  taken  up  along  the 
coast  in  the  neighborhood  of  Point  Patterson,  where  I  found  similar  rocks. 
Between  this  place  and  Pointe  Seul  Choix,  strata  of  a  similar  i-haracter  are 
again  visible  beneath  the  deposits  of  sand,  which  form  the  lake  shore.  At 
the  latter  place,  the  strata  were  examined  by  Messrs.  Whittlesey  and  Desor, 
who  found  them  to  possess  the  same  characteristic  features  and  the  same 
organic  remains,  among  which  the  Pentamerus  was  the  most  conspicuous. 

Along  the  whole  coast,  from  Point  Patterson,  the  rocks  at  intervals  only 
appear  above  the  level  of  the  lake,  the  water  near  the  shore  beipg  shallow, 
and  the  bottom  strewn  over  with  numerous  boulders  of  northern  origin  and 
fragments  of  limestone,  little  worn,  indicating  that  the  latter  were  derived 
from  the  immediate  vicinity.  ..In  many  places,  the  rock  may  be  seen  be- 
neath the  water,  with  a  very  gradual  slope  towards  the  lake,  and  present- 
/ng,  for  a  long  distance,  a  gently-sloping  shore.* 

From  Pointe  aux  Barques  to  Pointe  Detour,  the  rock  is  more  frequently 
seen  above  the  lake-level,  though  rarely  rising  higher  than  five  or  six  feet, 
[t  is  extremely  hard,  resembling  externally  a  highly  silicious  limestone; 
out,  on  analysis,  it  is  found  to  contain  only  a  small  percentage  of  silit*a.  The 
nardness,  or  rather  toughness,  may  then  arise  from  the  magnesia  which  is 
shown  to  be  present  everywhere  in  considerable  proportions 

With  the  escarpments  of  the  eastern  shore  of  Big  Bay  des  Noquets  and 
Pointe  Detour,  the  limestones  of  the  Clinton  and  Niagara  groups  terminate 
upon  the  northern  shore  of  Lake  Michigan,  and  no  traces  of  them  are  seen 
on  the  north  or  west  shore  of  Green  Bay*  Their  prolongation  is  in  the 
direction  of  a  group  of  small  islands  south-west  from  Pointe  Detour,  known 
as  the  Summer  islands,  St.  Martin's,  Rock,  and  Potawatomee  islands, 
together  with  several  small  islets  which  have  no  distinctive  name. 

The  more  elevated  portions  of  many  of  these  islands  contain  fossils  of 
the  Niagara  group,*  consisting  chiefly  of  corals,  among  which  are  two 
species  of  Favosites^  Catenipora  and  Heliolites,  These  corals  are  chiefly 
above  the  great  Pentamerus  beef,  in  the  lower  part  of  the  group ;  but  are, 
nevertheless,  occasionally  intermingled  with  that  fossil,  which  even  ranges 
into  the  higher  portions  of  the  Niagara  group. 

The  limestones  belonging  strictly  to  the  Clinton -group,  and  which  have 
already  been  mentioned  m  that  connection,  exist  along  the  west  side  of  the 
peninsula  of  Green  Bay,  forming  the  shore  as  far  as  Sturgeon  Bay,  and 
even  for  a  short  distance  beyond.     At  Potawatomee  island,  and  along  the 

•  The  bold,  rocky  shores,  represented  on  the  geographical  maps  as  extending  along  the 
whole  northern  coast  of  Lake  Michigan,  are  all  imaginary.  It  is  scarcely  possible  to  find  so 
great  an  extent  of  coast,  with  so  few  bold  points  and  so  little  deep  water,  and  equally  rare 
to  find  one  so  dangerous  of  approach,  even  for  coasting  boats,  during  high  winds. 

The  gradual  dip  of  the  rocks  lake-ward,  broken  occasionally  in  step-like  forms,  produces 
shoal  water,  with  irregular  reefs.    lJ\>on  these  are  accumulated  the  coarser  drift  materials 
which  often  rise  to  within  a  few  inches,  or  even  ouite  to  the  surface  of  the  water.     The  ac- 
'  tioD  of  the  winds  and  the  ice  changes  the  distribution  of  these  materials  every  year,  aQ<^ 
ffreia  adds  to  them  by  dislodging  fragments  of  Ume^loxxQ  ^^m  thQ  solid  strata  beneath. 
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«t  side  of  the  peninsula  as  fiir  as  Horse*shoe  island,  we  find  a  consider- 
le  thickness  of  limestone  belon^g  loathe  Niagara  group.  Beyond  this 
int,  however,  we  scarcely  find  it  on  the  immediate  shore,  which,  break- 
;  off  above  or  below  the  Pentamerus  bed,  recedes  for  some  distance, 
en  it  rises  with  an  abrupt  slope,  and  even  an  escarpment,  formed  by  the 
;-cropping  edges  of  the  Niagara  beds.  The  whole  of  the  interior,  there- 
f,  as  well  as  the  eastern  side  of  the  peninsula,  is  composed  of  strata  of 
;  Nia^ra  group. 

^.s  might  be  expected,  this  assemblage  of  strata  (Niagara  group)  here 
umes  a  very  different  external  aspect  from  its  equivalent  in  the  New 
rk  series :  and,  although  there  is  no  difficulty  in  identifying  the  whole 
a  continuation ;  yet,  it  is  difficult  to  reco^ize  subordinate  members  and 
iividual  beds.  As  an  example  of  the  variation  in  character,  I  will  here 
-e  a  section,  in  the  ascending  order,  of  the  cliff  of  Big  Bay  des  Noquets, 
lere  a  thickness  of  about  one  himdred  feet  of  the  rock  is  exposed 

1.  Compact,  hoitl,  and  apparently  sUicious  limestone,  forming  the  summit  of  the  clifi^— 
eet. 

2.  Friable  and  porous  limestone,  resulting  apparently,  in  part,  from  the  solution  and 
noval  of  some  mineral  matter — 10  feet. 

3.  Thin,  silico-argillaceous  layers — 10  feet. 

4.  Porous,  friable,  and  calcareous  strata,  charged  with  corals  and  imperfect  remains  of 
her  fossils,  often  cavernous — 10  feeU 

6.  Thin-bedded,  shaly  limestone  of  a  drab-color,  with  few  fossils — 25  feet. 

6.  A  more  porous  and  friable  limestone,  sub-crystalline,  and  containing  corals — 16  feet. 

7.  Sbaly,  tbin-beddcd  limestone,  with  few  fossils — thickness  not  ascertained. 

The  manner  of  deposition  is  here  made  quite  evident,  in  the  character  of 
le  successive  beds.  The  more  purely  calcareous  ones,  or  those  with  no 
ppreciable  admixture  of  argillaceous  matter,  abound  in  corals,  and  appear 
)  have  been  coral-reefs,  scarcely  disturbed  in  their  natural  position,  but 
3vered  by  sedimentary  deposits,  composed,  in  a  great  degree,  of  finely 
Jmminuted  matter,  probably  derived  from  the  remains  of  corals  and  other 
larine  animals,  intermingled  with  an  argillaceous  mud.  In  this  deposit, 
r  over  the  ocean  bed,  while  it  was  being  formed,  no  corals  lived ;  nor  are 
kre  other  fossils  seen  in  this  portion  of  the  rock.  Again,  the  condition  is 
banged,  and  corals  reappear  and  continue  to  flourish  through  a  longer,  or 
lorter  period,  until  another  change  takes  place,  when  they  cease  to  exist ; 
id  thus  we  meet  with  several  repetitions  of  bands,  charged  with  these 
-mains,  in  this  group. 

It  is  not  probable  that  these  reefs  extended  uninterruptedly  over  very 
ide  areas,  and  we  may  expect  to  find  them  in  one  direction  entirely  re- 
laced  by  shaly  limestone,  the  materials  composing  it  having  been  furnished 
isufiicient  quantity  to  keep  up  a  continued  deposition,  in  some  parts;  while, 
others,  these  shaly  materials,  having  been  transported  at  intervals,  may 
ive  allowed  the  uninterrupted  growth  of  corals,  and  the  formation  of  con- 
nuous  reefs.  Between  these  extremes,  the  two  kinds  of  deposits  may 
ave  been  mingled  in  all  degrees  of  proportion,  and  charged  with  a  greater 
rless  amount  of  corals,  dependent  on  the  quantity  of  intermingled  shaly 
latter. 

To  such  conditions,  we  owe  the  production  of  different  and  successive 
eds  in  the  same  group,  and  the  different  aspects  which  the  strata  assume 
t  remote  points.  Thus,  the  features  of  a  group,  which,  in  one  place,  are 
'^bordinate  in  importaDce,  become,  at  another  poiivt,  pieAomiv«a\.»'  TW 
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shale  which,  in  New  York,  forms  more  than  one-third,  and  in  places,  more 
than  one-half,  of  the  thickness  of  the  entire  Niagara  group,  is  not  recog- 
nized in  this  district;  unless  it  be  in  the  thin-bedded,  shaly  limestone,  \rhidi 
alternates  with  the  coralline  beds,  or,  in  some  places,  forms  a  mass  of  con- 
siderable thickness  by  itself,  being  destitute  of  all  the  larger  corals,  and  fu^ 
nishing  only  some  of  the  characteristic  shells. 

Notwithstanding  all  the  changes  which  have  taken  place  in  the  Niagara 

froup,  as  developed  at  different  points,  and  its  intimate  blending,  as  in  thi; 
istrict,  with  the  limestone  of  the  Clinton  group  below  and  the  Onondaga 
salt  group  above,  we  find  no  serious  difficulty  in  recognizing  it  as  a  whole, 
both  by  lithological  characters  and  fossil  remains.  We  have  been  able,  by ' 
these  characters  combined,  to  trace  its  continuation  throughout  the  entire 
district  from  east  to  west.  We  have  seen  it,  in  this  extent,  assuming  dif- 
ferent aspects,  dependent  on  causes  before  adverted  to ;  but  we  have  never 
failed  to  find  a  greater  or  less  number  of  known-characteristic  fossils,  even 
where  the  strata  were  explored  only  to  a  limited  extent.  Their  occur- 
rence, under  such  circumstances,  and  their  persistence  over  so  great  an 
area,  where  physical  characters  have  in  a  great  degree  failed,  only  serve 
to  demonstrate  the  value  of  these  means  oi  studying  and  identifymg  the 
stratified  deposits. 

I  have,  also,  had  an  opportunity  of  tracing  this  group,  at  intervals,  across 
the  country  between  Lake  Michigan  and  the  Mississippi  river,  and  of  recog- 
nizing it  by  its  fossils,  particularly  its  corals,  even  beyond  that  point,  to  the 
south-west.  It  exists  in  Ohio,  Indiana,  Kentucky,  and  Tennessee,  and 
may  be  recognized,  not  only  by  its  lithological  characters,  but  by  its  nu- 
merous fossils,  identical  "^Rath  those  first  described  in  the  New  York  Geo- 
logical Reports,  as  occurring  in  this  group.  Among  these,  we  have,  in 
addition  to  the  corals,  which  are  the  more  common  fossils,  several  species 
of  crinoids,  the  Caryocrinus^  EucalyptocrinuSy  IchthyocrinuSj  and  others 
which  are  identical  with  species  known  to  occur  in  New  York. 

In  a  south-westerly  direction,  and  without  the  limits  of  this  district, 
this  group  has  been  examined  by  Mr.  I.  A.  Lapham,  of  Milwaukee, 
who  has  had  no  difficulty  in  recognizing  it  by  its  characteristic  fossils. 
His  observations  will  be  found  incorpor.ated  in  the  subsequent  pages  of 
this  report. 

Tkic/mess  of  the  JSTiagara  and  Clinton  Groups, —  As  already  remarked 
in  the  commencement  of  this  chapter,  the  lowest  beds  are  seen  at  the  lake- 
level  on  the  eastern  side  of  Drumraond's  island ;  while,  on  the  northern 
side,  we  find  the  higher  beds  of  the  Hudson-river  group.  Again,  on  the  St. 
Mary's  river,  the  lowest  beds  of  the  Clinton  group  come  to  the  water-level 

1'ust  above  Lime  island.     Passing  westward,  along  the  northern  shore  of 
^ake  Michigan,  although  numerous  undulations  are  visible,  often  enabling 
the  observer  to  see  a  considerable  thickness  of  strata,  yet  the  lower  beds 
are  nowhere  exposed,  until  we  arrive  at  the  bluffs  on  Big  Bay  des  Noquets. 
I  have  already  mentioned  the  exjwsure  of  the  same  beds  here  which  ve 
had  seen  on  Drummond's  island.     The  entire  height  of  the  cliffs  does  not 
exceed  two  -hundred  and  fifly  feet,  and  we  have  nowhere  evidence  of  the 
existence  of  superior  beds  of  more  than  one  hundred  feet  in  thickness  be- 
longing to  these  groups.     The  entire  thickness,  therefore,  of  the  calcareous 
beds  of  the  Niagara  and  Clinton  groups  does  not  exceed  three  hundred  and 
fifty  feet.     This  is,  I  am  aware,  somewhat  less  than  the  estimate  of  Mi^- 
MurrMjr,  in  Ms  section  across  the  Grand  Manitoulm  islands,  which,  includiPS 
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both  groups,  amounts  to  five  hundred  and  sixty  feet.*  Although  there  are, 
at  intcnrals,  exposures  which  appear  along  the  coast,  where  the  rate  of  dip 
is  such  as  to  give  a  greater  estimated  thickness  than  three  hundred  and  fifty- 
feet,  yet  we  have  no  positive  proof  of  a  greater  observed  thickness. 

In  this  estimate,  it  must  be  understood  that  the  elevated  portions  of  the 
island  and  peninsula,  of  Mackinac  are  not  included,  for  they  are  occupied 
3nly  to  a  small  extent,  if  at  all,  by  strata  of  this  age. 


ONONDAGA   SALT   GROUP.  j 

\ 

It  has  already  been  stated  in  the  preceding  pages  that,  with  the  excep- 
ion  of  Mackinac  and  St.  Ignace,  the  northern  shores  of  Huron  and  Michi- 
gan, within  this  district,  are  low,  and  void  of  scenic  interest.  The  whole 
?xtent,  with  the  exception  noticed,  presents  a  single  geological  plateau  from 
Druinmond's  island  to  Pointe  Detour,  the  Niagara  limestone  everywhere 
orming  a  barrier  to  the  encroachments  of  the  lake ;  and,  though  often 
tovered  by  superficial  accumulations  upon  the  shore,  it  manifests  itself  in 
)roken  ledges  beneath  the  water,  or  gives  evidence  of  its  presence  in  the 
iccumulation  of  loose  blocks,  forming  shallow  water  and  dangerous  reefs. 
Vith  the  exception  of  the  points  noticed,  the  superincumbent  strata  have 
•een  entirely  removed  from  the  surface  of  the  Niagara  limestone,  along  the 
entire  distance,  and  even  beyond  this  point  nearly  to  Milwaukee. 

The  succeeding  strata  in  New  York  and  Canada  West  belong  to  the 
)nondaga  salt  group,  and  consist  of  shales  and  marls,  with  some  beds  of 
aore  or  less  impure  magnesian  limestones.  The  shores  of  the  island  of 
^lackinac,  and  of  some  of  the  small  islands  to  the  east,  present  an  abun- 
lance  of  pebbles  of  light-drab  or  chocolate  color,  with  the  vesicular  struc- 
ure  so  characteristic  of  the  Onondaga  salt  group.  The  lower  beds  of 
imestone,  at  Mackinac,  have  also  this  character ;  while  others  have  thfeir 
urfaces  marked  by  straight,  gash-like  lines,  which  have  been  described  as 
ippearing  like  shallow  cuts  made  with  an  axe  on  a  yielding  surface.  This 
eature,  nke  the  vesicular  structure,  is  characteristic  of  this  group. 

The  norih  and  west  sides  of  the  island  present  a  good  exposure  of  the 
lower  beds,  while  the  shore  is  strewed  with  fragments  of  this  and  the  super- 
incumbent group.  The  general  ashen  color  of  the  whole  renders  the  dis- 
tinction obscure ;  and  the  succeeding  strata  being  for  the  most  part  destitute 
of  fossils,  or  presenting  them  usually  in  an  obscure  condition,  the  observer 
fails  at  first  to  recognize  the  distinction. 

In  the  islands  x)f  St.  Martin,  a  few  miles  to  the  north  of  Mackinac,  it  is 
feported  that  gypsum  has  been  found  in  considerable  quantities  along  the 
shore.  At  the  time  we  visited  the  island,  we  did  not  sacc^d  in  disco ver- 
ingit,  which  may  have  been  in  consemience  of  a  high  stage  of  water. 

To  the  north  of  St.  Ignace,  Mr.  Whittlesey  found  a  marly  bed  about 
ifty  feet  in  thickness,  containing  gypsum  in  isolated  masses,  occurring 
^der  the  same  forms  as  in  New  York  and  Canada  West.  This  marly  bed, 
^th  some  higher  and  more  calcareous  ones,  imdoubtedly  represents  the 
Onondaga  salt  group ;  holding,  in  all  respects,  the  same  geological  position 

ind  possessing  the  same  lithological  characters  and  the  same  association  of 

iiiinerals.     The  group  has  greatly  diminished  in  thickness,  and  with  its 

.    •  Geological  Survey  of  Canada,  Report  of  Progress,  l&n-4&, 
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small  proportional  importance,  it  is  remarkable  that  it  should  retain,  um.  so 
great  a  degree,  its  distinctive  characters.   We  have  not  the  means  of  mak^ 
a  comparison  of  its  gradual  changes  as  prolonged  to  the  westward,  tliis 
being  the  only  place  along  the  whole  line  of  coast  where  we  had  an  oppor- 
tunity of  seeing  it.    It  is  a  single  outlier,  giving  us  the  only  facts  by  wbici 
to  infer  the  character  and  persistency  of  the  group,  not  only  within  the 
limits  of  this  district,  but  farther  to  the  south-west,  along  the  peninsula  of 
Greeh  Bay,  as  far  as  Milwaukee,  where  we  have  some  evidence  to  show 
that  it  has  entirely  thinned  out. 

Returning,  for  a  moment,  to  the  island  of  Mackinac  and  the  more  el^ 
vated  positions  of  Pointe  St.  Ignace  and  Gros  Cap,,  we  find  the  marly  beds 
succeeded  by  a'  brecciated  limestone,  composed  of  what  appears  to  be  thin 
argillo-calcareous  beds,  or  laminae,  which  often  partially,  or  entirely,  indu- 
rated, have  been  broken  up  and  mingled  with  a  softer  argillo-calcareous 
mud.  It  may  be  very  appropriately  termed  a  brecciated  limestone.*  This 
brecciated  mass,  in  its  lower  parts,  is  composed  of  broken,  thin-bedded 
limestone,  like  the  higher  layers  of  the  Onondaga  salt  group,  or  the  thinly 
laminated  beds  connected  with  the  gypsum  deposits  of  t^ew  York  and 
Canada  West,  which  have  been  recemented  by  a  calcareous  mud.  The 
fragments  are  presented  in  every  possible  attitude,  as  if  broken  up  by  the 
action  of  conflicting  currents,  though  I  was  unable  to  detect  the  effects  ot 
anything  like  wearing  action  upon  their  edges. 

In  the  brecciated  beds,  I  have  been  unable  to  find  any  traces  of  fossils; 
but,  in  the  succeeding  strata,  there  occur  numerous  traces. 

I  cannot  but  regard  the  brecciated  mass  as  terminating  the  Onondaga 
salt  group,  or  perhaps  more  properly,  as  marking  the  era  of  the  commence- 
ment of  the  succeeding  group,  which,  as  will  be  shown,  corresponds  with 
the  upper  Helderberg  limestones  of  New  York.  Coming  here  directly  upon 
the  former  group,  they  show  the  absence  of  several  important  members 
which  are  well  developed  in  the  east.  These  consist  of  the  Tentaculite,  or 
Water  limestone j  the  Pentamerus  limestone^  the  DelthyriSy  or  SfuUy  litMr 
stoney  the  Encrinal  limestone^  and  the  upper  Pentamerus  limesUmey  (con- 
stituting altogether  the  lower  Helderberg  series,)  together  with  the  Orit' 
kany  sandstone  and  the  Cauda^galli  grit.  All  of  these  form  well-marked 
featm-es  in  the  geology  of  eastern  New  York,  but  are  not  recognized  in  the 
western  portion  of  that  state.  These  gaps  in  the  succession  also  occur  at 
Mackinac,  so  that  the  upper  Helderberg  series  rests  directly  on  the  Onon- 
daga salt  group.  A  long  interval  has,  therefore,  intervened  between  the 
tem^nation  of  one  group  and  the  commencement  of  another,  during  which 
these  absent  members  were  deposited  at  a  point  farther  east;  and  two  dis- 
tinct faunas  lived  and  died,  without  having  left  a  trace  of  their  existence  in 
the  region  under  consideration. 

It  is  greatly  to  be  regretted  that  we  have  not  an  extended  line  of  this 
brecciated  limestone  exposed,  by  which  we  might  be  able  to  form  some  con- 
jecture as  to  the  conditions  of  the  ocean-bed  during  this  interval.  In  west- 
em  New  York,  the  lower  beds  appear  to  have  been  undisturbed  ;  the  upper 
member  exhibiting  an  apparently  water-worn  surface,  while  the  succeeding 

— ; . ' 

*  The  aspect  of  this  rock  is  very  siimlar  to  Tvhat  may  be  seen,  on  a  small  scale,  hi  cono- 
tries  wheie  calcareous  springs  are  abundant.  The  thinly-laminated  and  shaly  limestone 
mingled  urith  others  of  a  more  massive  character,  being  broken  up,  becomes  cemented 
together  by  the  calcareous  deposit  from  the  springs,  and  ibrmi  a  mats  not  vnlikt  Bom«p<^' 
tioJOi  ofjbig  XuDMtOM. 
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beds  have  been  deposited  conformably  upon  it.  There  appears,  then,  to  be 
some  evidence  of  ancient  denudation,  though  there  has  been  no  opportunity 
of  maiking  connected  observations. 

From  the  examinations  of  Mr.  Lapham,  already  referred  to,  it  appears 
that  the  Onondaga  salt  group,  as  a  distinct  member  of  the  series,  is  not 
recognized  at  Milwaukee ;  and  from  its  greatly  diminished  thickness  at 
Mackinac,  we  are  warranted  in  concluding  that  it.does  not  occur  farther 
wrest ;  nor  has  it  been  recognized  to  the  south  or  south-west  of  this  point. 
Our  present  knowledge,  therefore,  of  this  group,  shows  that  it  is  represented 
in  its  more  easterly  prolongation,  by  a  tnin  band  along  the  base  of  the 
Helderberg  mountains  and  along  the  borders  of  the  Hudson  river.  It  is 
bere  the  source  of  the  immense  supply  of  the  hydraulic  cement,  conjointly, 
perhaps,  with  some  of  the  thin  beds  below.  Tracing  it  westwardly,  we 
Snd  it  gradually  expanding,  until,  in  central  New  York,  its  vertical  range 
is  a  thousand  feet  in  thickness,  where  it  becomes  the  repository  of  the  gyp- 
mm  beds  and  the  brine  spring.  From  that  point,  westwardly,  it  can  be 
traced,  with  a  slightly  dimimshed  thickness,  to  the  Niagara  river,  and 
throughout  all  of  this  range,  it  forms  the  gtrongly  marked  plateau,  inter- 
mediate between  that  formed  by  the  Niagara  group,  and  that  by  the  upper 
Hel  Jerberg  series.  In  the  western  part  of  that  state,  it  is  characterized  by  the 
presence  of'beds  of  gypsum  and  of  brine  springs,  though  of  little  econo- 
mical value,  and  of  springs  of  sulphuric  acid.  In  Canada  West,  the  pro- 
bngation  of-this  group  has  been  traced  from  the  Niagara  river  to  the  shores 
of  Lake  Huron.  It  is  there  characterized,  also,  by  the  presence  of  gypsimx 
and  brine  springs,  and  presents  similar  lifhological  characters,  Uiough 
p-eetly  attenuated  in  thicloiess.  We  have  been  unable,  for  reasons  before 
assigned,  to  trace  it  uninterruptedly  from  the  last  named  point  into  the 
limits  of  our  district,  having  detected  its  presence  only  on  the  island  of 
Mackinac  and  on  Pointe  St.  Ignace. 

We  shall  indulge,  at  this  time,  in  no  speculations  on  the  origin  and  influ- 
ence of  this  immense  deposit,  which  occurs  in  the  midst  of  the  upper  Silu- 
rian series,  superimposed  upon  the  Niagara  and  Clinton  groups ;  character- 
ized, on  the  one  hand,  by  at  least  three  hundred  species  of  fossils,  peculiar 
to  the  upper  Silurian,  and,  on  the  other,  by  a  series  of  calcareous  deposits 
marked  oy  an  equal  number  of  distinct  species  of  the  same  age.     In  the 
absence  of  the  latter  deposits,  in  this  district,  it  marks  a  line  of  separation 
between  the  Niagara  group  and  the  upper  Helderberg  series,  which  at  pre- 
sent is  regarded  as  of  Devonian  age.    In  the  succeeding  pages,  we  intend  to 
consider  uie  value  and  importance  of  these  subdivisions,  as  they  a^  pre- 
sented to  us  in  the  United  States. 


DEVONIAN  SYSTEM  —  UPPER  UELDERBERO  SERIES. 

The  Schoharie  grit,  the  Onondaga  and  corniferous  limestones  form  a  well- 
BMirked  series  known  as  the  upper  Helderberg  limestones,  and,  according  to 
4e  prevailing  belief,  as  before  remarked,  are  to  be  ranked  as  members  of 
4e  Devonian  system. 

Although  not  entirely  coextensive  with  each  other,  they  constitute  a  group 
^Uch,  perhaps,  is  more  persistent  and  uniform  in  character  than  any  m  the 
paited  States.    The  lower  member,  where  possessing  its  nonaaX  (^^ctwrX^t^  , 
i*a  nlicious  lim^one,  becoming,  in  pinces,  entirely  calcateowa',  «LiA^V«t^ 
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it  does  not  exist  as  a  distinct  naember,  some  of  its  characteristic  fossils  may 
be  found  in  the  beds  at  the  base  of  the  next  succeeding  group.  As  a  whole, 
it  partakes  of  the  character  of  the  others  in  the  increase  of  calcareous  mat- 
ter, as  traced  to  the  westward.  The  subdivisions,  which  are  clearly  defined 
in  New  York,  cannot  always  be  recognized  farther  west,  and  it  therefore 
becomes  desirable  to  speak  of  the  whole  collectively. 

In  the  district  under  consideration,  the  only  points  where  these  limestones 
have  escaped  the  general  denuding  aption  are  the  island  and  the  peninsula 
of  Mackinac,  where  they  form  outliers  of  remarkable  features.  Resting  on 
the  marly  beds  of  the  Onondaga  salt  group,  the  brecciated  limestone  sup 
ports,  isolated,  tower,  or  dome-shaped  masses  belonging  to  this  group.  The 
rapidity  with  which  the  underlying  rock  is  decomposed  and  removed  has  a 
tendency  to  keep  the  base  of  the  overlying  rock  smaller  than  the  body  of 
the  mass.  The  effects  of  this  decomposition  and  denudation  are  well  illus- 
trated at  Gros  Cap,  on  the  west  side  of  the  peninsula  of  Mackinac.  (Vide 
Plate  XVII.)  The  tower-like  mass  near  the  extremity  of  the  point  is  onlj 
an  outlier  of  the  main  body  which  skirts  the  shore,  represented  on  the  right 
side  of  the  sketch.  The  wearing  action  of  the  water  upon  the  base  of  thb 
cliff  is  clearly  indicated  by  its  lorm;  and  though,  for  the  present,  partly 
protected  by  the  talus  of  fallen  fragments,  it  is  ultimately  destined  to  tie 
undermined  and  destroyed. 

The  whole  island  of  Mackinac  is  another  example  of  this  kind  of  denu- 
dation, but  on  a  more  extended. scale.  The  limestones  of  this  group  are  in 
thin,  irregular  layers,  such  as  would  apparently  result  from  deposition  in  a 
chopped  sea.  The  lower  beds  are  somewhat  argillaceous,  but,  in  ascending 
in  the  series,  they  become  almost  purely  calcareous.  The  analyses  show  a 
very  small  percentage  of  magnesia,  and,  in  this  respect,  it  differs  in  a  very 
remarkable  degree  from  all  tbe  lower  limestones,  and  particularly  from  those 
of  the  Niagara  group.  In  its  thin,  cuniform  laminae,  with  shaly  matter 
interposed  between,  it  does  not  essentially  differ  from  the  limestone  of  the 
same  age  in  the  Helderberg  range  of  New  York. 

As  particular  examples  of  denuding  action  on  the  island,  we  would  men- 
tion "  The  Arched  Rock"  and  "  The  Sugar  Loaf."  The  former,  situated 
on  the  eastern  shore,  is  a  feature  of  great  interest.  The  cliffs  here  attain  a 
of  nearly  one  hundred  feet,  while  at  the  base  are  strown  numerous  height 
fragments  which  have  fallen  from  above.  The  Arched  Rock  (Plate  XVEQ,) 
has  been  excavated  in  a  projecting  angle  of  the  limestone  cliff,  and  the  top 
of  the  span  is  about  ninety  feet  above  the  lake-level,  surmounted  by  about 
ten  feet  of  rock.  At  the  base  of  a  projecting  angle,  which  rises  up  like  a 
buttress,  there  is  a  small  opening,  through  which  an  explorer  may  pass  to 
the  main  arch,  where,  after  clambering  over  the  steep  slope  of  debris  and 
the  projecting  edges  of  the  strata,  he  reaches  the  brow  of  the  cliff. 

The  beds  formmg  the  summit  of  the  arch  are  cut  off  from  direct  con- 
nection with  the  main  rock  by  a  narrow  gorge  of  no  great  depth.  Tb« 
portion  supporting  the  arch  on  the  north  side,  and  the  curve  of  the  arcb 
itself,  are  comparatively  framle,  and  cannot,  for  a  long  period,  resist  the 
action  of  rains  and  frosts  which,  in  this  latitude,  and  on  a  rock  thus  con- 
stituted, produce  great  ravages  every  season.  The  arch,  which  on  onC 
side  now  connects  this  abutment  with  the  main  cliff,  will  soon  be  destroyed  j 
as  well  as  the  abutment  itself,  and  the  whole  be  precipitated  into  the  lake- 

It  is  evident  that  the  denuding  action,  producing  such  an  opening,  witt 
otber  attendant  phenomena,  could  only  have  operated  while  near  the  lev^' 
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r  a  laree  body  of  water,  like  the  great  lake  itself;  and  we  find  a  striking 
inilarity  between  the  denuding  action  of  the  water  here  in  times  past,  and 
le  same  action  as  now  manifested  in  the  range  of  the  Pictured  Rocks  on 
16  shores  of  Lake  Superior.  As  an  interesting  point  in  the  scenery  of  this 
iland,  the  Arched  Rock  attracts  much  attention,  and,  in  every  respect,  is 
rorthy  of  examination. 

Evidences  of  erosive  and  undermining  action  are  everywhere  visible 
long  the  cliffs  of  the  island.  On  the  south  and  south-east  side,  the  for- 
lation  of  beaches  and  the  accumulation  of  talus  at  their  bases,  have  pre- 
ented  the  encroachments  of  the  lake,  and  protected  the  cliffs ;  but,  on  the 
orth-west  side,  where  the  winds  have  full  sweep,  the  waves  have  under- 
lined the  strata,  leaving  overhanging  cliffs  above. 
On  the  plateau  of  the  island,  which  may  be  oi^e  hundred  and  fifty  or  two 
undred  feet^bove  the  lake,  there  are  other  evidences  of  this  character,  in 
be  occurrence  of  caverns  and  isolated  columnar  masses  of  limestone.  The 
itter  are,  for  i^ie  most  part,  of  small  magnitude,  but  there  is  one  which  is 
ery  conspicuous,  and  has  received  the  name  of  "  Sugar-Loaf."  (Plate 
QX.)  It  is  entirely  isolated,  and  towers  above  the  surrounding  forest, 
n  its  rough  and  weathered  contour,  the  lines  of  stratification  are  not  so 
listiiictly  preserved  in  the  sketch  as  they  appear  on  close  examination.  It 
ppears,  at  one  time,  to  have  formed  a  part  of  a  continuous  mass  occupy- 
ng  the  summit  of  the  island ;  if  so,  it  gives  a  thickness  of  about  three 
iimdred  feet  to  the  limestones  above  the  Onondaga  salt  group,  which  is 
rreater  than  at  any  other  point  where  I  have  examined  them.  It  is 
scarcely  to  be  conceived,  however,  that  such  a  mass  as  the  Sugar-Loaf 
could  have  been  transported  to  its  present  position  by  those  agencies  which 
have  dispersed  the  boulders ;  nor  is  it  necessary  to  resort  to  such  a  sup- 
position ;  for,  immediately  west,  the  ground  attams  a  higher  elevation  than 
its  summit ;  and,  although  the  underlying  rock  is  concealed  by  drift,  it 
undoubtedly  is  of  the  same  character. 

This  assemblage  of  strata  which  was  termed  by  Dr.  Houghton,  in  his 
survey  of  Michigan,  the  "  Mackinac  limestone,'*  although  separated  from 
all  of  the  limestones  of  the  northern  peninsula,  except  that  of  Pointe  St. 
Ignace  and  Gro&  Cap,  can,  nevertheless,  be  identified  with  that  of  the 
southern  peninsula  of  Canada  West,  and  of  New  York,  as  well  as  with 
that  of  the  states  to  the  west  and  south-west.     From  its  known  thickness, 
m  all  these  places,  its  apparently  increased  thickness  on  the  island  of 
Mackinac  is  the  more  surprising.     Our  knowledge  of  this  group,  at  the 
present  time,  enables  us  to  conclude,  with  great  certainty,  that  the  whole 
formed,  at  one  time,  an  immense  coral  reef;  and,  at  intervals,  it  is  abun- 
dantly charged  with  their  remains.    It  is  occasionally  intermixed  with  sili- 
cious  layers,  or  nodules,  in  the  form  of  chert,  and  also  with  ardllaceous 
niud,  which  apparently  proved  unfavorable  to  the  growth  of  the  larger 
corals ;  but  the  smaller  ones,  with  numerous  Bryozoa  and*  shells,  appear  to 
have  flourished. 

So  far  as  I  observed,  the  island  of  Mackinac  and  the  adjoining  coast, 
famish  few  of  the  larger  corals,  though  Favosites  and  many  species  of 
Cyathophyllideae  are  common.  Farther  south,  however,  in  the  neighbor- 
hood of  rresqu'isle,  on  the  western  shore  of  Lake  Huron,  where  the  upper 
Wds  of  this  group  come  to  the  level  of  the  water,  the  corals  largely  pre- 
dominate, and  the  conditions  of  the  ocean  appear  to  have  been  highly 
I  ^Torable  to  their  growth  and  development! 
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In  collecting  fossils  about  this  idand,  one  is  liable  to  be  deceived  in  regJfc.-rd 
to  the  chjiracter  of  the  rocks,  since  it  often  happens  that  those  of  the  JN^J. 
agara  group  have  found  their  way  among  the  loose  materials  which  ha.Te 
been  transported  from  the  northern  shore.  Thus,  the  Catenipora^  Heliolites, 
and  other  corals  of  the  Niagara  group  may  be  picked  up  at  the  base  of 
these  cliflfs,  associated  with  those  which  have  fallen  from  the  cliffs  above. 
As  a  general  remark,  however,  it  may  be  stated  that  the  fossils  of  the  Ni- 
agara are  much  oftener  silicified  than  those  of  the  ffroup  under  consideration. 
Owing  to  this  fact,  it  might  readily  be  inferred,  without  careful  comparison, 
that  the  Niagara  group  existed  on  the  island  of  Mackinac  and  on  the  pe- 
ninsula to  the  nof th-west.     Notwithstanding,  however,  the  great  similarity 
in  aspect  and  color,  they  are  very  different  in  their  chemical  composition     . 
and  their  associated  organic  remains.  j 

Most  of  the  fossils  collected  at  Mackinac  prove  to  be  imdescifbed,  but  are 
identical,  however,  with  species  which  occur  in  the  same  rocks  in  New 
York.  Some  of  the  smaller  bryozooid  corals  belong  to  the  genus  Tremato- 
pora  and  Cladopora,  while  two  or  more  species  of  Favosites  were  ob- 
served. A  few  snells  only  were  collected,  and  these,  with  a  single  excep- 
tion, belong  to  the  BracKiopoda.  Among  the  trilobites  was  a  PhacopSy 
resembling^  P.  bufo  and  a  species  of  ProetuSy  both  apparently  identical  with 
species  which  occur  in  the  upper  Helderberg  range.  One  of  the  most 
characteristic  species,  however,  is  the  Phacops  anchiopsy  characteristic  of 
the  Schoharie  grit.  The  specimens  of  the  latter  fossil,  though  consisting 
only  of  portions  of  two  bucklers,  are  so  peculiarly  characteristic,  that  1 
cannot  doubt  the  identity  in  age  of  these  widely-separated  localities.  Al- 
though it  would  have  been  desirable  to  identify  a  larger  number  of  fossils 
with  those  occurring  in  the  corresponding  series  elsewhere,  yet  the  evidence 
is  sufficient  to  remove  this  group  from  any  below  the  Oriskany  sandstone. 


li 


167  [4] 


CHAPTER  XI. 

/ 

MISCELLANEOUS  OBSERVATIONS  ON  THE  PALEOZOIC  SERIES. 

'xtensicn  of  this  Series  into  Wisconsin. —  Section  by  Mr.  Lapham, — 
Mr.  HalCs  Remarks. —  Section  by  Mr.  Whittlesey. —  On  the  Origin  of 
the  Basins  of  Lake  Michigan  and  Lake  Huron. —  Mr.  HaWs  Remarks. 
—  Mr.  Whittlesey's  Observations  on  the  Thickness,  Bearing  and  Inclina- 
tion of  these  Groups. —  Evidences  of  Denudation  and  SvisidencCy  during 
the  Deposition  of  these  Groups. —  Effects  of  Oscillations  on  Animal 
Life. 

Having  given  a  descriptive  account,  in  the  last  three  chapters,  of  the  range 
id  extent  of  the  several  groups  of  the  palaeozoic  series  which  occur  in  our 
strict,  and  described  their  mineral  characters  and  organic  remains,  group 
'  group,  we  next  propose  to  offer  some  general  remarks  upon  the  assem- 
age  of  groups,  their  thickness,  bearing,  and  inclination,  the  varying  con- 
tions  of  the  ocean  in  which  they  were  deposited,  and  the  extensive  denu- 
Ltion  to  which  they  have,  in  comparatively  recent  times,  been  subjected, 
hese  remarks,  from  the  variety  of  topics  embraced  in  this  chapter,  must 
icessarily  be  somewhat  discursive  in  their  character;  but,  at  the  same  time, 
ley  may  serve  to  illustrate  some  of  the  most  interesting  features  in  the 
eology  of  our  district. 

CONTINUATION  OF  THE  PALiEOZOIC  SERIES  IN  WISCONSIN. 

To  illustrate,  still  further,  the  succession  of  the  palaeozoic  groups,  as 
developed  in  the  north-west,  we  introduce  the  subjoined  section  and  de- 
scription by  Mr.  I.  A.  Lapham,  of  Milwaukee,  a  gentleman  who  has  maJe 
numerous  and  extended  observations  on  the  geology  of  this  portion  of  tne 
Silurian  basin.  This  contribution  of  Mr.  Lapham  is  the  more  valuable, 
since  it  serves  to  filVup  a  blank  between  the  Lake  Superior  and  Chippewa 
districts.  Although  his  nomenclature  of  the  groups  is  somewhat  different 
from  that  adoptea  by  us,  there  is  little  difficulty  in  identifying  them  with 
tkeir  equivalents  in  our  district. 


"On^Ae  Geology. of  the  south-eastern  portion  of  the  State  of  Wisconsin; 
itt'ng  the  part  Twt  surveyed  by  the  United  States  Geologists j  in  a  letter 
^0  J,  W.  Foster,  by  I.  A.  Lapham  of  Milwaukee. 

h  answer  to  the  several  inquiries  in  your  letter,  relating  to  the  rocky 
^ata  in  the  south-eastern  portion  of  the  State  of  Wisconsin,  I  cannot,  per- 
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ps,  do  better  than  to  exhibit  and  explain  the  accompanying  section  (Fig« 
))  from  near  Milwaukee,  on  Lake  Michigan,  to  Janesville  on  Rock  nver* 
1.  Tk^  Inferior y  or  Potsdam  Sandstone^  is  found  at  Janesville  and  above# 
cupjring  the  bed  of  the  river.  The  grains  are  rounded,  smooth,  and 
thout  apparent  cement ;  the  rock  easily  crumbles  upon  exposure ;  color 
lite  or  red.  The  white  variety  might  be  used  for  the  manufacture  of 
iss.  The  discovery,  in  1849,  of  that  singular  and  characteristic  fossil 
scribed  by  Mr.  Hall  as  Scolithus  linearis  (New  York  Pal.  Vol.  I.  p. 
» in  this  rock,  in  Sauk  county,  may  be  considered  as  settling  the  question 
the  identity  of  this  rock  with  the  Potsdam  sandstone  of  the  New  York 
ports.  It  occupies  much  of  the  counties  Marquette  and  Columbia,  enters 
ine  coimty,  and  is  seen  in  the  banks  of  Rock  river  from  Lake  Eoshko- 
Dg  to  Janesville.  The  "granite  quarries,"  so  called  at  Portland,  in 
K&e  county,  prove  to  be  a  metamorphic  sandstone,  and  not  a  true 
uute.  It  consists  almost  wholly  of  quartz ;  and  for  building  purposes,  * 
ranks  with  the  granites,  and  passes  generally  by  that  name. 
n.  Caiciferous  Rock  of  Eaton, —  Resting  immediately  upon  the  sand- 
>ne,  at  Janesville,  is  a  limestone  with  grains  of  the  same  sand  inter- 
xed,  giving  it  the  form  and  appearance  of  an  dolite  limestone;  the 
lount  of  sand  diminishing  as  you  rise  from  the  surface  of  the  sandstone, 
accords  exactly  with  the  description  given  of  a  portion  of  the  caiciferous 
idstone  of  New  York,  and  contains  the  same  fucoid,  {Palaophycus  tubu" 
*u,)  as  well  as  other  characteristic  fossils.  Its  character  and  relative 
sition  also  clearly  show  that  it  is  the  same  rock  that,  further  west  and 
rth,  is  called  the  lower  magnesian  limestone,  by  Drs.  Owen  and  Locke, 
ni.  The  BltUj  or  Trenton  limestone^  is  here,  as  in  the  more  western 
itricts,  a  very  thin  layer,  often  penetrated  in  digging  wells,  &c.  It  pre- 
its  everywhere  its  characteristic  fossils,  and  is  too  well  -known  to  need 
ther  notice. 

The  upper  sandstone,  noticed  by  Dr.  Owen,  does  not  appear  on  the  east 
e  of  Rock  river. 

IV.  The  Gdlena  limestone.  At  Diamond  Grove,  and  also  at  Fort  Atkin- 
1  and  White- water,  is  found  the  true  lead-bearing  rook,  with  fossils  of  the 
ne  kind  as  those,  brought  out  with  the  rubbish  at  the  lead-mines.  It  is  a 
d,  yellowish,  magnesian  limestbne,  very  fully  described  in  the  report  of 
5  United  States  Geologists  for  1839,  as  well  as  by  Mr.  Hodge  and  othei^, 
an  earlier  day.  It  is  usually  identified,  in  distant  localities,  by  the  occur- 
ace  of  a  peculiar  fossil  coral,  resembling  the  Coscinopora  sulcata  of  Oold- 
s,  the  tubes  of  which  are  sometimes  filled  with  lead.  The  connection 
this  rock  with  the  superior  strata  is  unfortunately  obscured  by  large  de- 
«its  of  drift,  so  that  its  exact  geological  age  cannot  he  clearly  made  out. 
dging,  however,  from  the  fossils,  we  may  assign  to  it  a  place  coeval  with, 
immediately  succeeding,  the  blue  limestone.  It  may,  perhaps,  be  regarded 
a  portion  of  the  same  formation ;  at  any  rate,  it  is  much  more  ancient 
an  the  true  geodiferous,  or  cliff  limestone,  to  which  it  has  usually  been 
ferred.  In  this  part  of  the  state,  it  does  not  contain  lead,  or  other  ores, 
:cept  in  limited  quantities. 

Y.  Sandstone  7  —  Before  we  reach  the  rock  next  to  be  described,  we 
od,  at  vanous  places,  a  narrow  strip  of  sandy  land,  with  occasional  frag- 
ieats  of  hard,  red,  slaty  sandstone ;  thus  indicating  that  there  may  be  a 
tyer  of  sandstone  here,  concealed  beneath  the  drift.    S\ic\i  i^^Bde^a  Vv^^ 
een  oUierred  from  Kenwba  to  La  BeU%  Iak«  in  tb«  iiQr\k*iv%itonv^QXQfiX:  ^ 
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Waukesha  county ;  but,  as  no  sandstone  has  been  seen  in  place,  its  existe:]!i(% 
may  be  considered  doubtful. 

Yl.  Waukesha  Limestone. —  Throughout  the  county  of  Waukesha,  is 
found  a  hard,  white,  or  bluish-white  limestone,  which,  as  it  appears  to  be 
new,  I  propose  to  call  the  Waukesha  limestone.  It  forms  an  excellent  and 
beautiful  building  material,  being  disposed  in  regular  layers  from  a  few 
inches  to  a  foot  or  more  in  thickness.  It  does  not,  however,  receive  a  good 
polish,  being  in  many  places  filled  with  small,  irregular  cavities,  occasioned 
probably  by  the  decay  of  some  mineral  substance.  It  contains  but  few 
fossils :  the  most  remarkable  are  two  large  species  of  Orthocera.  These, 
with  a  spiral-chambered  shell  and  a  Trilobite,  are  all  that  have  been  disco- 
vered. The  Waukesha  limestone  extends  eastward  along  the  Menomonee* 
river  of  lower  Wisconsin,  to  within  three  miles  of  Milwaukee,  where  it  is 
extensively  quarried  for  building  purposes  in  the  city.  At  this  point  it  is 
only  thirty-three  feet  above  the  level  of  Lake  Michigan,  while  at  the  vil- 
lage of  Waukesha,  twelve  miles  west,  it  has  an  elevation  of  about  two 
hundred  and  fifty  feet. 

VII.  j3  Softy  yellow  limestone  is  found  on  the  Menomonee  river  of 
southern  Wisconsin,  resting  immediately  upon  the  Waukesha  limestoDe. 
The  same  rock  occurs  near  Racine,  and  at  other  points  on  Root  river ;  also 
at  the  Menomonee  falls  and  at  the  falls  of  the  Milwaukee  river  in  Washing- 
ton county.  It  may  be  considered  as  only  the  lower  portion  of  the  next 
rock. 

Vin.  The  geodiferous  limestone  of  Eaton^  or  Jfiagara  limestone  of 
the  Jfew  York  reports. —  This  rock  is  very  well  characterized,  and  exhi- 
bits many  of  the  fossils  of  the  geodiferous  rock  of  Lockport  and  the  Nia- 
gara falls.  Its  hardness,  numerous  cavities,  or  geodes,  its  want  of  regular 
stratification,  as  well  as  its  palaBontological  character,  all  go  to  show  its 
identity  with  that  rock.  It  extends,  with  some  interruptions,  along  the 
whole  length  of  Lake  Michigan  from  Chicago  to  Porte  des  Morts,  the  en- 
trance of  Green  Bay.  In  the  vicinity  of  Milwaukee,  it  is  well  developed, 
and  affords  an  excellent  material  for  the  manufacture  of  lime.  Both  the 
Niagara  and  Clinton  groups  of  New  York  appear  to  be  represented  in  Wis- 
consm  by  this  one  limestone.  The  extensive  beds  of  oolijtic  iron  ore,  found 
in  Dodge  and  the  western  part  of  Washington  counties,  are  connected  with 
a  limestone  supposed  to  be  the  same  as  that  now  under  consideration. 

IX.  A  shmy  limestone  is  foimd  at  one  locality,  representing  some  of 
the  formations  that,  in  New  York,  are  interposed  between  the  geodiferous 
and  the  eomiferous  limestones. 

X.  Comiferous  Limestone  of  Eaton. —  The  most  recent  of  the  rocl^ 
formations,  properly  so  called,  round  any  where  in  Wisconsin,  is  the  lime-^ 
stone  that,  at  Louisville,  Columbus,  and  Sandusky,  lies  immediately  belo\V^ 
the  black  shale ;  being  the  upper  part  of  the  cliff,  and  correspondinff  witt* 
the  corniferous  limestone  of  Eaton,  as  found  in  the  state  of  New  i  ork:^ 
This  is  known  by  its  position,  as  well  as  its  lithological  and  fossil  characters  ^ 
It  occupies  the  shore  of  Lake  Michigan  and  the  bed  of  the  Milwaukee 
river,  for  several  miles  above  its  mouth,  but  does  not  extend  far  toward^ 
the  interior.    Hydraulic  limestone  is  found  associated  with  it  at  Louis vill^ 
and  other  places.    This  and  the  last  preceding  rocks  occupy  but  a  smaSJ 
extent  of  surface  in  this  state. 


'  This  if  not  to  I)«  confounded  ^Uv  tti%  VL«Mm$nm  ^t  Q^in^u^v^. 
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The  blacky  bituminous  shale  (Marcel/us  shale  of  the  New  York  reports) 
s  found  in  nuqierous  fragments  m  the  drift  near  Milwaukee ;  thus  indicating 
Lhat  it  formerly  existed  at  no  great  distance ;  but  it  has  nowhere  been  found 
n  place. 

Connecting  these  observations  with  those  of  Drs.  Owen  and  Locke  on 
^he  west,  it  will  be  seen  that  there  is  an  anticlinal  axis  extending  along  the 
valley  of  Rock  river,  from  which  the  strata  are  inclined  eastwardly  towards 
Lake  Michigan,  and  westwardly  towards  the  Mississippi.  Rock  river, 
herefore,  has  a  geolo^cal  position  quite  analogous  to  that  of  Cincinnati ; 
he  only  difference  bemg,  that  there,  the  blue  limestone  is  the  lowest  rock, 
i¥}iile  in  Wisconsin  there  are  two  or  three  groups  below  it. 

It  will  be  seen,  also,  that  Lake  Michigan  occupies  (like  Lake  Superior)  an 
ancient  basin,  of  which  the  hard  geodiferous  limestone  forms  the  edge  or 
rim.  The  soft,  shaly  strata  that,  m  Indiana,  Ohio,  and  New  York,  occupy 
the  next  succeeding  geological  periods,  appear  to  have  been  swept  away  to 
tnake  room  for  the  waters  of  the  present  lake.  This  is  more  fully  illustrated 
in  the  accompanying  diagram  (Fig.  21.)'* 


Fig.  21. 
Milwaukee.  L.  Michigan.  Grand  Ilaven. 
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Section  across  the  Basin  of  Lake  Michigan. 

1.  TVankesha  limestone.  3.  A  soft,  shaly  limestone. 

2.  Hard,  geodilbrous  limestone.  4.  Shales. 

It  will  thus  be  perceived  that  the  observations  of  Mr.  Lapham  verify,  in 
almost  every  particular,  those  which  have  been  incorporated  in  the  preced- 
uig  pages.  They  show  the  necessity  of  recognizing,  throughout  the  whole 
northern  range  of  the  palaeozoic  groups,  from  New  York  to  the  Mississippi, 
essentially  the  same  subdivisions. 

Since  the  foregoing  communication  was  received,  Mr.  Lapham  has  sent 
us  some  additional  facts  which  serve  to  illustrate  his  general  views.  He 
states  that,  on  penetrating  the  limestone  on  the  top  of  the  ridge  above  the 
iron  ore,  fossils  of  the  Niagara  age  have  been  obtained,  and,  also,  that  be- 
low the  iron  ore  at  Hartford  and  at  the  Iron  ridge,  as  well  as  at  the  north- 
east comer  of  Lake  Winnebago,  a  soft,  blue  shale  has  been  found ;  thus 
corroborating  the  view  taken  by  Mr.  Hall,  as  to  the  age  and  position  of  this 
ore,  though  he  was  imable  to  trace  its  connection  with  the  rocks,  above  and 
below. 

With  reference  to  Mr.  Lapham's  section,  Mr.  Hall  remarks :  "  The  sand- 
stone. No.  v.,  conjecturally  marked,  holds  the  place  of  the  Hudson-river 
group,  Medina  sandstone,  and  the  lower,  or  arenaceous  part  of  the  Clinton 
group.  It  is  not  improbable  that  a  meagre  representation  of  these  may 
occur  in  the  line  of  the  section,  since  our  observations  on  the  shore  of  Green 
Bay  would  prepare  us  to  expect  such  a  condition  here ;  besides,  the  iron 
ore  and  shale  of  the  Clinton  group  have  been  traced  to  within  a  short  dis- 
tance of  the  line  of  the  section. 

I  am  inclined  to  regard  the  Waukesha  limeslone,  "So.  N\*,  >S&&  ^^S^^ 
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yellow  limestone,  No.  VII.,  and  the  geodiferous  limeetone.  No.  VIII.,  as 
constituting  the  Niagara,  and  the  calcareous  portion  of  the*  Clinton  group. 

The  Waukesha  limestone,  as  I  saw  it  near  Milwaukee,  is  a  thin-bedded, 
argillaceous  deposit  containing  few  fossils;  I  collected  from  it,  however,  Or- 
thoceras  undulatum^  and  O.  vtrgatum,  I  saw  the  same  in  Mr.  Lapham's 
cabinet,  with  another  species  from  this  member  of  the  series ;  also,  a  species 
of  GomphoceraSy  like  that  occurring  in  the  Niagara  shale  at  Rochester  and 
in  the  limestone  at  Niagara  falls  ^Pal.  N.  Y.  II.,  p.  290) ;  also,  Spirifer 
Itneatay  and  a  flatt^ied  Trochus-like  shell,  similar  to  a  species  occurring  in 
a  limestone  of  this  age  on  Lake  Michigan ;  and  a  species  of  Cyrtoceras,  and 
Calymene  Blumenbachiiy  var.  niagarensis.  Among  the  fossils  from  th^ 
lower  geodiferous  limestone,  in  Mr.  Lapham's  cabinet,  I  saw  Favasiles  nia^ 
garensisy  F.favosay  or  striata^  Diplophyllumy  crinoidal  joints,  Caryocrinu^ 
omatusy  Eucalyptocrinus  decorics  ?  and  Orthoceras  undulatum. 

From  the  upper  geodiferous  limestone,  there  were  the  two  species  of  th^ 
Favosites  just  mentioned,  with  a  third  one ;  two  species  of  HeltoliteSy  Ca — - 
tenipora  escharotdes  and  C.  agglomeratOy  Sardnvia?  DtplophyUuniy  Cysti — 
phyllunty  Stromatopora  cancmtricay  Pentamerus  oblongus,  Pentamertis,  n— 
sp.,  Spirifer  niagarensisy  JHrypa  reticularisy  A.  ohtusiplicatay  Orthis  Ay — 
briday  Orthoceras  undulaturrhy  Calymene  Blumenbachiiy  var.  niagareTtsis^ 
Bumastis  barriensisy  Ceraurus  insignis  and  Sp/uBrexochus  —  ? 

All  these,  with  one  or  two  exceptions,  are  known  Niagara  species,  leaving" 
no  doubt  as  to  the  age  of  this  limestone,  which,  in  its  lithological  characters;^* 
— also  having  cavities  lined  with  crystals — resembles  the  Isia^ara. 
'    The  fossils  of  the  comiferous  limestone.  No.  X.,  in  Mr.  Lapham's  col — 
lection,  are  mostly  undescribed  species.     Among  them,  however,  I  recog — 
nized  Phacops  hufOy  an  Aviculay  like  one  in  the  Scoharie  beds,  and  ars^ 
acephalous  bivalve  shell,  similar  to,  if  not  identical  with,  one  in  the  Sco — 
harie  grit.    In  their  general  characters,  the  fossils  from  this  group  resemble 
those  of  the  upper  Helderberg  series  of  New  York ;  and,  though  I  had  nc^ 
opportunity  of  making  a  direct  comparison  of  specimens  to  prove  their  iden-^ 
tity,  it  is,  nevertheless,  certain  that  they  are  unlike  any  of  the  known  species 
of  the  Niagara  group. 

Admitting  this  to  be  true,  the  shaly  limestone  of  Mr.  Lapham's  sectioix 
represents  the  Onondaga  salt  group,  which,  however,  has  so  far  thinned  out 
as  to  be  of  little  importance.  I  had  no  opportunity  of  seeing  the  two  last^ 
members  in  place ;  but  the  specimens  of  the  shaly  limestone  are  very  simi- 
lar to  the  thin  layers  of  hydraulic  limestone  in  the  upper  part  of  the  Onon- 
daga salt  group  of  western  New  York. 

The  higher  limestone,  a  few  feet  only  in  thickness,  as  seen  at  Milwaukee^ 
when  compared  with  its  thickness,  as  developed  along  the  northern  extre — 
mity  of  Lake  Michigan,  shows  either  a  rapid  diminution,  or  an  enormou^^ 
denudation  ;  the  latter  is  probably  true.'* 

In  order  still  farther  to  illustrate  the  geology  of  this  fart  of  Wisconsin^ 
we  append  a  section  across  the  formations,  from  the  granite  to  the  summiC- 
i»f  '.he  upper  Silurian,  by  Mr.  Whittlesey. 
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Remarks  upon  the  Section  ^rom  the  Falls  of  Wolf  Rivera  through  Jfava- 

rino  to  Lake  Michigan, 

By  Charlis  Whittlkset. 

Formation  1.  Igneous  Rocks, — In  1849,  while  connected  with  the  eurrey 
of  the  Chippewa  land  district,  in  Wisconsin,  I  penetrated  from  Green  Bay, 
across  the  sedimentary  beds,  to  the  borders  of  the  igneous  rocks,  ascending 
the  Oconto  river,  and  crossing  westward  to  the  falls  of  the  Wolf  river. 
Previous  to  that  time,  Messrs.  Ellis  and  Conkey,  of  Green  Bay,  United 
States  deputy  surveyors,  had  subdivided  a  tract  west  of  the  Menomoneei 
river,  as  far  as  range  20  east,  and  noith  to  township  38,  at  the  Bir| 
Bekuenesec  falls,  and  had  collected  specimens  of  the  rocks  for  the  Land 
Office.  The  surveyed  district  extends  no  farther  into  the  interior  than  the 
sources  of  the  Oconto,  and  the  falls  of  Wolf  river;  so  that  that  part  of 
Wisconsin  beyond  these  points  is,  as  yet,  unexplored.  The  falls,  which 
consist  of  a  series  of  chutes,  descend  twenty-one  feet,  besides  intermediate 
rapids,  in  the  distance  of  one  and  a  half  miles.  At  these  falls  there  is  an 
abundance  of  excellent,  red,  coarse-grained  syenite,  which  passes,  in  some 
places,  into  granite.  This  rock  rises  above  the  banks  of  the  stream,  attain- 
ing, in  some  places,  an  elevation  of  fifty  feet,  and  is  covered  by  heavy 
deposits  of  drift.     This  is  in  township  28  north,  range  15  east. 

On  the  Oconto,  in  township  31  north,  ranges  16  and  17  east,  the  same 
red  syenite  and  syenitic  granite  are  seen,  and  are  there  overlaid  by  the 
Potsdam  sandstone ;  they  extend  westward  and  northward  for  a  distance  of 
ten  or  twenty  miles.  For  the  detailed  description  of  these  rocks,  the 
reader  is  referred  to  my  report  to  Dr.  D.  D.  Owen. 

Between  the  Oconto  and  the  Menomonee,  according  to  Messrs.  Ellis 
and  Conkey,  the  country  is  occupied  by  syenite,  granite,  hornblende-ro<k, 
greenstone,  and  trappean  rocks. 

No.  2.  Potsdam  Sandstone. —  The  junction  of  this  rock  with  the  under — 
lying  igneous  masses,  is  nowhere  visible.     The  sandstone  is  here  exceed- 
ingly friable,  so  that  it  may  generally  be  easily  crushed  between  the  fingers, 
there  being  no  cement  between  the  silicious  grains.     For  this  reason  it  ha 
been  extensively  denuded,  so  that,  here  and  there  only,  a  trace  of  it 
former  existence  is   still    left  remaining.      The   exact   line   of   junctioi 
between  the  sandstone  and  the  granite,  is  covered  by  drift,  both  on  th( 
Menomonee,  the  Oconto,  and  the  Wolf  rivers. '  The  sandstone  is  visibh 
in  township  28  north,  range  18  east,   on  the  Oconto;    in  township 
.>noHh,  ranges  15  and  16  east,  near  the  Wolf  river ;  and  in  township  1( 
north,  range  12  east,  between  the  Fox  river  and  Green  lake. 

No.  3.  Calciferous  Sandstone* — The  junction  of  this  rock  with  the  Pots 

dam  sandstone  was  seen  and  examined  by  Mr.  Hall,  at  Pleasant  Valley  > 
Wisconsin,  township  16  north,  range  12  east ;  and  also  by  myself  in  town- 
ship 22  north,  ranges  15  and  16  east ;  but  its  upper  limit  was  nowhen 
clearly  recognized.  The  exposure  at  the  falls  of  the  Oconto  in  the  south- 
east part  of  township  28  north,  range  19  east,  is  probably  near  the  jimctioi 
of  this  rock  with  the  Chazy  and  Birds-eye  limestones ;  no  fossils  were  ob 
served  here. 

No.  4.  Chazy,  Birds-eye  and  Trenton  Limestones, — Whether  a  divisio       ^ 
can  properly  be  made  between  these  three  groups,  as  recognized  in  Ne^ 
York,  is  not  yet  determined,  and  I  have,  therefore,  included  them  und< 
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nber.  There  is  no  distinction  recognizable  in  them  from  their  litho* 
characters,  and  too  few  fossils  have  been,  as  yet,  discovered  to  allow 
'  being  classed  according  to  the  palsontological  evidence, 
e  is  no  difficulty  in  fixing  the  upper  limit  of  the  Trenton  limestone, 
by  its  fossils  or  from  its  lithological  characters.  The  soft,  marly 
the  BLudson-river  group,  or  "  blue  limestone,^'  rest  directly  upon  the 
1  limestone,  and  their  lithological  character  has  had  a  marked  influ- 
the  topographical  features  of  the  country  west  of  Green  Bay.  TJhe 
;lf,  as  well  as  tte  low,  flat  country  which  gently  declines  towards  it, 
le  west,  have  resulted  from  the  denudation  of  this  group  by  drift- 
s ;  the  hard  Trenton  limestone,  which  now  occupies  the  surface,  did 
Id  to  the  denuding  effect,  while  the  blue,  soft  marls  were  easily 
:ed  and  removed. 

5.  Httdson^river  Group,  Blue  Limestone  and  Marls,  of  the  Ohio 
p. —  This  group,  which  is  seen  at  Bay  des  Noquets,  on  the  west  side 
en  Bay,  passes  obliquely  along  its  bed  and  appears  on  the  eastern 
ind  at  its  southern  extremity. 

6.  Clinton  Group. — This  group  is.  well-defined  and  easily  traced, 
ig  Bay  des  Noquets,  along  the  small  islands,  between  Chambers's 
tnd  the  eastern  shore  of  Green  Bay ;  thence,  as  seen  by  Mr.  Hall, 
eastern  shor&,  near  Sturgeon  Bay ;  again,  in  the  bluffs  west  of  "  Des 

(Depere  or  Depeer),  and  farther  south-west,  on  the  bluffs  which 
ig  Lake  Winnebago,  on  the  east.  It  is  nowhere  a  thick,  or  heavy 
t  is  well  known  for  the  beautiful  white  linxe  which  it  furnishes. 

7.  JSTiagara  Group. — ^It  is  not  yet  determined  whether  there  should 
rher  formation,  or  formations,  represented  on  the  line  of  this  section ; 
at  is  included  here  imder  the  head  of  the  Niagara  group,  probably 
es  two  of  the  next  superior  beds  of  the  New  York  system.  By  re- 
to  Mr.  Lapham's  section,  it  will  be  seen  what  are  his  views  and 
itions  respecting  this  division.  My  section  strikes  Lake  Michigan  in 
ip  22  nortk,  range  24  east,  about  twelve  miles  north  of  Twin  rivers, 
AC  where  Mr.  Lapham  places  the  lower  face  of  the  "  geodiferous 
ck.''  This  group  presents  another  instance  of  the  intimate  connec- 
tween  the  geological  structure  and  the  topographical  features  of  a 
.  The  Niagara  limestone,  consisting  of  a  close,  compact  and  dura- 
s,  overlies  the  marly  beds  of  No.  6,  and  the  yielding  strata  of  No. 
jcting  them  from  erosion.  It  presents  a  series  of  mural  fronts  along 
,  facmg  the  north-west,  while  its  surface  declines  gently  with  the  dip 

3  Lake  Michigan,  exactly  in  the  same  manner  as  the  Treaton  does/ 
3  the  bay.     For  the  particulars  of  the  dip  and  thickness  of  these 
ons,  the  reader  is  referred  to  another  portion,  of  this  chapter,  where 
discussed  this  subject,  embracing  all  the  rocks  of  the  north  and  west 
f  Lake  Michigan.  ^  ^ 

Red  Clay  and  Drift. — As  above  remarked,  there  are,  on  the  line 
section  between  the  Wolf  river  and  Green  Bay,  extensive  deposits 
hern  drift.  The  drift  hills  about  the  head  of  the  Oconto  and  aroimd 
Qse  lake,  are  discussed  in  the  report  on  Wisconsin, 
n  the  falls  of  Wolf  river,  southerly,  beds  of  red  clay  occur,  inter- 
ed  with  the  coarse  drift :  they  become  more  heavy  and  numerous,  as 
>ceed  towards  Green  Bay,  until,  at  Appleton,  the  red  clay  consti-> 
he  mass  of  the  superficial  deposits.  It  is  there  %bo\xX  owe  VnsA\^<^ 
icJc,  and  rwt$  on  th%  Trenton  limettout  Q¥(o.  4')>  a%  ^X^v^^mo^   K^ 
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this  place,  it  passes  beneath  the  surface  of  the  waters  of  Green  Bay;  and 
here  are  sunk  the  wells,  of  which  the  details  of  the  borings  will  be  found 
in  the  Appendix. 

Passing  over  the  crest  formed  by  the  Niagara  limestone  at  Lake  Winne- 
bago, the  same  clay  and  drift  beds  continue  most  of  the  Way  to  Sheboygan. 
Their  thickness  is  very  considerable,  but  their  extent  on  the  line  of  this 
section  is  not  known.  At  Green  Bay,  as  at  Lake  Winnebago,  it  occurs  m 
patches,  filling  the  depressions  in  the  stratified  rocks,  at  various  elevations 
from  the  level  of  the  water  to  the  top  of  the  bluff.  From  Sheboygan,  I 
have  traced  it  to  the  southward,  and  found  it  gradually  changing  to  a  pur- 
ple, and  finally  becoming  a  blue  clay  like  that  of  Lake  Erie ;  I  am,  there- 
fore, satisfied  that  all  these  varieties  of  clay  belong  to  one  formation. 


ORIGIN   OP   THE   BASINS   OF   LAKES   MICHIGAN   AND   HURON. 

It  has  been  generally  supposed  that  the  immense  depressions  which  con— ^ 
stitute  the  basins  of  Lakes  Michigan  and  Huron,  and  which  reach  beloTi^^ 
the  ocean  level,  had  their  origin  in  great,  transverse  fissures,  or  dislocation^^ 
of  the  strata.     The  evidence,  collected  during  the  progress  of  this  survey ^^ 
shows  conclusively  that  this  has  not  been  the  case,  but  that,  on  the  con — 
trary,  they  must  be  regarded  rather  as  the  result  of  an  extensive  denudatioiv^ 
and  excavation  of  the  more  yielding  strata,  and  that  there  is  no  evidence? 
of  any  system  of  faults  or  dislocations  in  the  region  occupied  by  them. 

Mr.  Hall  has  summed  up  the  evidence-^with  regard  to  this  point,  in  th& 
following  remarks : 

"  From  the  examination  of  this  region,  it  appears  that  Lake  Michigan, 
has  been,  to  a  great  extent,  excavated  from  the  Onondaga  salt  group  and 
the  upper  Helderberg  series,  while  the  Niagara  limestone,  being  harder  and 
more  indestructible,  forms  its  western  border,  from  one  extremity  to  the 
other.  From  the  breadth  of  country  over  which  we  find  vestiges  of  the 
Onondaga  salt  group  and  the  upper  Helderberg  series,  in  the  northern  parts 
of  Lakes  Huron  and  Michigan,  we  are  warranted  in  the  conclusion  that  at 
least  two-thirds  of  the  latter  lake,  in  a  direction  conforming  to  its  trend, 
has  been  excavated  from  these  limestones.  The  eastern  portiqn  of  Michi- 
gan is  in  the  shaly  sandstones,  which  are  superior  to  the  upper  Helderberg 
series,  corresponding  to  the  beds  No.  4,  in  Mr.  Lapham's  diagram  (Fig. 
21)>. 

These  observations,  to  a  great  extent,  are  applicable  to  Lake  Huron. 
The  Niagara  limestone  there  forms  a  barrier,  occasionally  broken  through, 
extending  along^  its  northern  shore,  embracing  Cabot's  Head  and  the  Grand 
Manitoulm  islands.  It.  d^  southerly,  so  as  to  leave  the  Onondaga  salt 
group  and  the  upper  Helderberg  series  to  the  south ;  and  the  area  once  oc-  ** 
cupied  by  them  is  now  covered  by  the  waters  of  this  lake. 

Thus,  the  beds  of  these  two  great  lakes  occupy  precisely  the  same  posi- 
tion with  regard  to  the  geological  series,  having  been  excavated  in  the 
same  beds,  and  occupying  opposite  sides  of  a  low,  synclinal  axis.  The  basins 
of  these  lakes  have  not  l)een  caused  by  any  upheaval  of  the  strata,  except 
so  far  as  the  whole  country  has  been  raised,  by  which  these  strata  were 
brought  within  the  operation  of  denuding  forces. 

Wnatever  of  evidence  there  may  be  elsewhere  of  the  effects  of  a  denu- 
ftioff  force  operatiag  in  an  eastern  and  western  direction,  it  appears  to  me|  in 
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Kese  examples,  we  have  the  most  conclusive  proof  of  a  force  having  acted 
rem  north  to  south.  In  this  direction,  the  lakes  have  been  excavated  in 
tie  trend  of  the  strata ;  while  the  same  groups,  equally  exposed,  and  as 
riisily  destroyed,  are  left  as  outliers,  almost  continuous,  in  the  neighbor- 
icod  of  Mackinac. 

We  can  only  account  for  this  fact,  on  the  supposition  that  the  shales  and 
heshaly  sandstones  of  the  southern  peninsula  afforded  a  more  resisting  bar- 
"ier  to  the  denuding  forces,  which  were  turned  to  the  right  and  the  left. 
The  water,  the  chief  agent  of  excavation,  foimd  here  a  more  ready  outlet, 
iiid  swept  before  it,  in  its  resistless  force,  the  excavated  materials  from  these 
h>asiiis,  while  the  northern  point  of  this  peninsula  is  left  covered  with  the 
Beer  sediments  derived  fronikthe  destruction  of  the  sandstones. 

To  form  a  correct  idea  of  the  force  of  this  argument,  the  observer 
should  place  before  him  a  map  of  the  United  States,  and  upon  it  indicate, 
by  a  colored  band,  the  range  of  the  Niagara  group,  from  the  peninsula  of 
Grreen  Bay,  southward  along  the  western  border  of  Lake  Michigan,  and 
extending  inland  to  a  width  twenty-five  or  thirty  miles,  and  he  will  have 
a  pretty  correct  idea  of  the  geological  position  of  the  lake.  Let  him 
represent,  by  a  parallel  band,  differently  colored,  the  Onondaga  salt  group 
and  upper  Helderberg  series,  and  he  will  observe  that  the  lake  now  covers 
very  nearly  their  ancient  limits.  Again,  on  the  east,  protract  the  Niagara 
limestone,  from  Drummond's  island  along  the  southern  part  of  the  Mani- 
toulin  group,  and  thence,  by  Cabot's  Head,  towards  Lake  Erie,  and  we 
vill  find  that  the  same  observations  are  true  with  regard  to  Lake  Huron. 

The  continuation  of  the  Onondaga  salt  group  and  upper  Helderberg 
limestones,  from  the  peninsula-  of  Canada  West,  in  the  direction  oi 
Mackinac,  is  interrupted  by  the  lake  basin. 

At  Thimder  Bay,  on  the  western  shore  of  Lake  Huron,  we  have  the 
occurrence  of  the  upper  Helderberg  limestones,  while  Cabot's  Head,  on 
the  opposite  coast,  is  occupied  by  the  Niagara  group,  givmg  the  interme- 
diate space  as  the  width  once  occupied  by  the  superior  groups,  but  which 
have  been  removed  by  denudation. 

The  direction  and  contour  of  these  lakes,  then,  have  resulted  from  the 
tearing  and  the  yielding  character  of  the  beds  which  once  occupied  the 
eatery  surface ;  but,  towards  the  north,  their  irregular  and  broken  outline 
has  resulted  from  the  destruction,  in  places,  of  the  shaly  beds  below  the 
Niagara  group. 

These  general  observations  apply  with  equal  force  to  the  lower  lajcefi — 
Erie  and  Ontario." 

We  here  offer  the  results  of  Mr.  Whittlesey's  observations  oxrthe  thick- 
ness, area,  dip,  &c.,  of  the  palaeozoic  groups  described  in  the  foregoing 
chapters.  They  may  be  regarded  as  approximatiotis  ;  tut  entire  accuracy, 
^vhere  the  whole  thickness  of  the  groups  is  nowhere  exposed,  is  unattain- 
able. 

The  Dipy  Bearing,  and  Tiiichness  of  the  Silurian  Gtaups. 

By  Mr.  Whittlesey. 

"  The  mclination  of  the  sedimentary  rocks  of  the  peninsula  between  lakes 
Htiron  and  Michigan  on  the  south,  and  Lake  Sup«rior  on  the  north  ia  very 
^ht,  tut  regular. 
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In  groups  like  these,  possessing  similar  external  characters,  it  is  difficult 
to  identify  beds  and  lines  of  stratification  at  remote  points,  and  therefore 
not  easy  to  determine  their  exact  dip ;  but,  where  this  can  be  done  with 
accuracy,  over  large  areas,  it  is  a  plain  mathematical  problem  to  determine 
their  precise  thickness.  On  no  part  of  the  north  shore  of  Lake  Michigan 
did  we  discover  lines  of  strata  m  the  limestones  which  could  be  safely  said 
to  be  continuous  for  many  miles  together.  From  the  superior  face  of  the 
lower,  or  Potsdam  sandstone,  to  the  top  of  the  Mackinac  limestone  —  a 
vertical  thickness  of  at  least  one  thousand  feet  —  the  beds  are  entirely  cal- 
careous ;  and  although  these  beds  may  be  separated,  without  great  diflSculty, 
into  geological  groups,  the  lines  of  separation  can  only  be  fixed  approxi- 
matively.  For  the  purposes  of  measurement,  something  more  precise  is 
desirable. 

Along  the  western  shore  of  the  St.  Mary's  river,  the  Potsdam,  or  lower 
sedimentary  rock,  is  seen,  with  the  Birds-eye  and  Trenton  limestones 
superimposed,  succeeded  by  the  Clinton  and  Niagara  groups;  but  dividing 
lines  have  not  been  discovered  and  probably  do  not  exist.  These  groups, 
with  the  exception  of  the  sandstone,  graduate  into  each  other,  and  are 
recognizable,  not  so  much  by  lithological  characters  as  by  their  included 
fossils. 

All  observations  agree  in  showing  that  the  outcrop,  or  edges  of 
these  groups  are  curved,  and  that  the  convexity  is  towards  the  north. 
Between  Lakes  Superior  and  Michigan  the  lines  which  indicate  the  bounda- 
ries of  the  rocks  will  be  seen  on  the  map,  where  the  breadth  of  each  sub- 
division is  indicated  by  an  appropriate  color.  These  bands  are  concentric, 
their  outlines  being  rudely  parallel,  and  the  curves  approaching  in  form 
an  ellipse,  of  which  the  greater  axis  is  east  and  west. 

In  theory,  the  general  direction  of  the  dip  is  known  at  once,  when 
the  line  of  outcrop  is  determined;  for  if,  as   in   the   present  case,  the 
rocks  are  not  disturbed  by  upheavals  and  the  country  is  comparatively 
level,  the  dip  is  at  right  angles  to  the  line  of  bearing  —  the  one  being  a 
radius  and  the  other  a  tangent  to  the  curve  of  outcrop.     The  radius  of 
curvature  in  the  strata  which  encircle  the  northern  shores  of  Huron  and 
Michigan  proceeds  from  a  point  at,  or  near,  the  centre  of  the  lower  penin- 
sula ot  Michigan,  where  the  greatest  depression  of  these  beds  will  be  found; 
consequently,  as  might  have  been  predicted,  it  is  at  that  point  that  the 
most  recent  groups  are  seen,  such  as  the  coal-seams,  shales  and  sandstones 
at  the-^  carboniferous  era,  occupying  the  deepest  depression  in  the  great 
geological  basin  of  Lakes  Huron  and  Michigan. 

The  observations  of  this  season  complete  the  circuit  of  the  Silurian 
groups  of  the  northern  part  of  the  United  States,  connecting,  through  the 
uj3per  peninsula  of  Michigan,  those  of  New  York  and  Canada  on  the  east, 
with  those  of  Wisconsin  and  Minnesota  on  the  west. 

These  groups,  in  the  northern  peninsula,  known  as  the  Lake  Superior 
district,  are  rarely  exposed,  being  covered  by  thick  deposits  of  drift,  sus-' 
taining  a  heavy  growth  of  timber ;  but,  along  the  coast,  where  it  is  inters 
sected  by  inlets  and  bays,  the  rocks  are  sufficiently  exposed  to  enable  us  to 
determine  their  outlines  with  sufficient  exactness  for  general  purposes*- 
Since  they  are  the  repositories  of  none  of  the  valuable  metals,  minute  ac-^ 
curacy  in  this  respect  is  of  no  practical  importance. 

Taking  Mackinac  «s  a  starting  point,  where  the  inclination  of  tne  strata^ 
js  south  and  the  bearing  east  and  west,  and  proe^^dm^  ttewc^  'v^^tvratdly^ 
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we  should  expect  to  see  a  change  in  the  direction  of  the  line  of  dip,  and 
our  local  observations  confirmed  tnis  expectation ;  for  their  dip  was  found 
to  vary  regularly  towards  the  eastward,  until,  on  reaching  Point  Detour,  at 
Great  Bay  des  Noquets,  it  was  found  to  be  nearly  south-east.  Following 
the  coast  past  Death's  door,  or  Porte  des  MortSj  to  Sheboygan  and  Mil- 
waukee, where  the  Niagara  hmestoae  forms  a  sea-wall,  the  dip  is  observed 
to  become  more  easterly,  until,  at  the  latter  place,  according  to  the  obser- 
vations of  Mr.  Lapham,  it  becomes  due  east. 

As  regards  the  amount  of  dip,  I  have  already  adverted  to  the  difficulty 
of  making  a  correct  estimate.  We  have  had,  however,  some  good  oppor- 
tunities of  calculating  the  amoimt  over  large  areas,  where  the  observations 
were  worthy  of  credit.  The  surface  of  the  Potsdam  sandstone  is  well- 
defined,  being  overlaid  by  a  rock — the  calciferous  sandstone — ^widely  dif- 
ferent in  external  characters ;  but  it  has  not  been  practicable,  with  the  means 
at  our  command,  to  take  accurate  levels  of  all  the  points  where  it  would  be 
desirable. 

We  have  the  means  of  making  tolerable  estimates  of  its  elevation  at 
several  points,  connecting  it,  by  short  levels,  with  lakes  and  rivers  whose 
altitude  is  pretty  correctly  determined.  For  the  other  elements  of  the  cal- 
culation, viz :  courses  and  distances,  nothing  is  wanting,  for  we  have  the 
aid  of  the  linear  surveyors,  who  have  subdivided  a  large  portion  of  the  ter- 
ritory into  tracts  of  a  mile  square. 

Before  entering  upon  the  general  dip  of  the  several  groups,  we  will  pro- 
ceed to  notice  some  minor  deviations  and  irregularities. 

Local  Dips.  —  From  Saut  Ste.  Marie,  along  the  western  bank  of  the  St. 
Mary's  river  and  the  straits  of  Mackinac,  as  far  as  St.  Martin's  Bay,  no 
good  opportunity  occurs  of  estimating  the  dip  of  the  strata.     Wherever 
they  are  exposed,  the  lines  of  bedding  are  indistinct  and  by  no  means  con- 
tinuous.    There  is,  however,  evidently  a  slight  inclination  to  the  south. 
On  the  east  side  of  St.  Martin's  Bay,  there  is  a  local  dip  to  the  S.S.W.  of 
thirty  or  fifty  feet  to  the  mile,  but,  at  the  mouth  of  Pine  river,  it  changes  to 
the  south  or  south-east.     At  the  mouth  of  Carp  river,  on  the  west  side  of 
the  bay,  another  irregularity  is  observed.     At  the  first  rapid,  one-fourth  of 
a  mile  from  its  mouth,  it  is  from  I*'  to  2**  N.E.  by  N.     Ascending  the 
stream,  the  strata  become  horizontal,  but,  farther  up,  a  mile  from  its  mouth, 
the  dip  becomes  reversed,  being  S.W.  by  W.,  but  is  very  slight.     The  bold, 
rocky  cliffs  of  ^t.  Ignace  show  a  perceptible  inclination  to  the  south,  but 
no  well-defined  lines,  capable  of  being  measured,  are  observed.     The  same 
may  be  said  of  the  coast  line,  as  far  as  Seul  Choix.     Here,  the  upper  face 
of  the  Pentamerus  member  of  the  Niagara  group  has  a  marked  undulation, 
the  axis  of  which  is  nearly  north-west  and  south-east. 

From  Pointe  aux  Chenes  to  the  last  mentioned  place,  the  rock  is  seldom 
observed  to  rise  above  the  surface,  and  the  inference  is,  that,  within  this 
distance,  there  is  no  irregularity  in  the  inclination,  for  the  irregular  outline 
of  the  coast  seems  to  be  due,  in  the  main,  to  this  cause. 

At  the  extremity  of  the  Pointe  Seul  Choix,  the  dip  is  2°  south-east,  the 
strata  gradually  bending  around  to  the  southward  ;  but,  about  a  mile  far- 
ther west,  they  are  observed  to  plunge,  at  first,  S.  60°E.  6®,  and  still 
ferther  west,  S.E.  T\  thence  S.E.  5°;  and  at  the  harbor,  S.  25°W.  7^; 
^d  one  mile  west  of  the  harbor,  S.  W.  3°.  Eight  miles  west  of  Seul 
Qioix,  I  had  the  first  opportimity  of  measuring  the  dip  on  a  smooth  flat 
surface  of  the  limestone,  and  found  it  to  be  S.  30''  E.  ^.    Thence^  to  tt«. 
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Manistee  river,  a  slight,  but  regular  dip  was  oljserved  to  the  ^outh-easi 
At  the  mouth  of  this  river,  and  at  Indian  lake,  on  the  west  fork,  as  well  s 
the  rapids  between  the  two  points,  there  was  a  very  perceptible  and  unifon 
dip  to  the  south-east,  varying  from  J**  and  J°  to  1°  Up  the  main  strean 
as  far  as  the  north  boundary  of  township  44,  range  13,  the  rocks  are  to 
indistinctly  exposed  to  determine  their  inclination.  Four  miles  westwardl 
of  the  Manistee,  the  southerly  dip  is  very  slight ;  at  Orthoceras  Poini 
twenty  miles  S.  W.,  it  is  a  few  degrees  to  the  east  of  south,  and  at  Point 
Detour,  it  is  still  more  easterly,  but  subject  to  a  local  undulation  —  proba 
bly  a  repetition  of  that  at  Seul  Choix.  On  the  east  side  of  the  point,  th 
plunge  is  S.  E.  2°,  at  the  extremity  S.  1°,  but,  on  the  west  side,  it  is  fror 
i°  to  i°  to  the  S.  W.  by  S. 

The  first  lines  of  stratification,  which  could  be  considered  as  of  mud 
value  in  determining  the  inclination  of  the  beds,  were  observed  on  the  easten 
side  of  Great  Bay  des  Noquets.  Here,  in  the  high  bluffs,  occur  alternating 
bands  of  coarse  and  fine-grained  materials,  which  are  visible  for  loni 
reaches.  A  particular  stratum,  which  is  here  two  hundred  feet  above  th 
lake-level  was  identified  near  the  surface,  opposite  the  most  westerly  oj 
the  Summer  islands,  —  a  distance  of  six  miles.  This  would  give  an  mcli 
nation  of  S.  E.  by  S.  of  thirty-three  and  a  half  feet  per  mile. 

Another  coarse-grained  stratum,  which  occurs  in  these  bluffs,  was  ob 
served  to  sink  at  the  rate  of  thirty  feet  in  the  distance  of  one  and  a  half  mile 
on  a  meridian  line  ;  another  sank  thirty-five  feet,  in  IJ  miles,  on  a  cours 
S.  20°  E.  Passing  among  the  Summer  isles,  the  dip  was  everywher 
observed  to  be  to  the  S.  E.  and  S.  E.  by  E.,  at  the  rate  of  forty  to  forty 
five  feet  per  mile.  On  the  west  side  of  the  main  island,  it  was  greater 
being  one  foot  in  one  hundred,  or  fifty  to  sixty  feet  per  mile  ;  but,  crossinj 
to  the  next  island,  one  mile  west,  it  was  very  slight.  Although  the  loca 
deviations  are  here  numerous,  yet  the  general  direction  is  to  the  south 
east.  Between  this  island  and  St.  Martin's,  there  are  three  smaller  one? 
about  two  miles  distant,  on  the  northernmost  of  which  there  is  little  incli 
nation  in  the  beds ;  but,  at  St.  Martin's,  it  is  very  perceptible  and  regula 
to  the  south-east,  at  an  angle  of  forty  to  fifty  feet  in  a  mile. 

On  Light-House  island  it  is  the  same  in  direction,  but  irregular  i 
amount.  On  Potawotomee  island,  in  the  high  cliffs  north-west  of  Wash 
ington  harbor,  there  is  a  well-defined  stratum  of  coarse-grained  rock 
which,  at  the  point,  is  twelve  feet  above  the  water-leVel ;  one-third  of  ; 
mile  south,  it  is  eight  feet,  and  one-third  of  a  mile  east,  it  is  three  feet 
This  gives  a  dip  of  about  thirty  feet  to  a  mile,  in  a  south-east  direction 
Thus,  all  the  observations  in  the  vicinity  of  Green  Bay  coincide  in  th 
direction  of  thcliae  of  greatest  dip,  and  show  no  undulations  in  the  strata 
a  fact  to  be  remembered  when  we  consider  the  question  of  the  total  thick 
ness  of  these  beds. 

We  now  proceed  to  the  discussion  of  the  more  extended  lines  of  dip,  s< 
far  as  they  have  been  determined. 

Extended  Lines  of  Dip, —  The  elevation  of  the  upper  surface  of  th< 
Potsdam  sandstone  has  been  determined  by  Mr.  Lapham,  at  Janesville 
Wisconsin,  (in  township  3  N.,  range  12  E.A  to  be  one  hundred  anc 
sixty  feet  above  Lake  Michigan ;  and  by  myself,  in  1849,  while  engagec 
in  the  survey  of  Wisconsin  under  Dr.  Owen,  near  the  Wolf  river,  (town- 
ship 22  N.,  range  16  E.,)  to  be  one  himdred  and  ten  feet  above  Lake 
Winnebago,  which  is  stated^  by  Captain  Ciam^  to  be  one  hundred  and 
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5ixty,  and  by  Mr.  Alston,  to  be  one  hundred  and  sixty-five  feet  above 
Lake  Michigan,  making,  say  two  hundred  and  seventy  feet.     The  upper 
surface  of  this  belt,  where  intersected  by  the  Menomonee  river,  is  between 
Afty  and  sixty  feet  above  Lake  Michigan.     At  the  centre  of  township  39, 
range  28,  of  the  Michigan  meridian,  I  estimate  its  height  at  three  hundred 
feet.    At  the  Pictured  Rocks,  Lake  Superior,  it  is  at  about  the  same  eleva- 
tion above  the  surface  of  that  lake,  which  is  supposed  to  be  about  forty-six 
feet  above  Lake  Michigan.     Where  the  St.  Mary's  river  crosses  this  band, 
on.  Sugar  island,  the  elevation  is  but  a  few  feet  above  the  surface.     The 
l>earing  and  distance  of  these  several  points  have  been  determined  by  the 
ptjiblic  surveys. 

Line  No.  1.  From  Janesville  to  Township  22  N.,  Range  16  E. —  Wis- 
consin meridian  —  course  N.  IV  E. ;  distance  one  hundred  and  twenty- 
si'x  miles ;  rise  one  hundred  and  ten  feet. 

2.  From  Township  22,  Range  16  E. —  Wisconsin  meridian  —  near  Wolf 
river,  to  the  Menomonee  river  in  Township  34,  Range  28  W. —  Michigtm 
meridian  —  course  N.  27®  E. ;  distance  sixty-two  miles ;  descent  two  hun- 
dred and  twenty  feet. 

3.  From  the  Menomonee  river,  west  side  of  Township  34  N.,  Range  28 
W.— Michigan  meridian  —  to  the  centre  of  Township  39  N.,  Range  28 
W.;  course  N.  6°  E.  twenty-eight  miles;  rise  estimated  at  three  hundred 
feet. 

4.  From  the  crossing  of  the  Menomonee  to  the  Pictured  Rocks;  course  N. 
35"  E,.  eighty-four  miles ;  rise  estimated  at  three  hundred  feet. 

5.  From  the  first-mentioned  point  to  the  crossing  of  the  St.  Mary's  river, 
at  Sugar  island,  N.  68°  E. ;  one  hundred  and  ninety-two-  miles,  descent 
estimated  at  forty  feet. 

6.  From  the  Pictured  Rocks  to  the  last-mentioned  point ;  east  one  hun- 
dred and  twenty-three  miles ;  descent  estimated  at  two  hundred  and  ninety 
feet. 

By  combining  any  two  of  these  lines  so  as  to  form  a  plane,  it  will  repre- 
sent the  inclination  of  the  surface  of  the  sandstone  (disregarding  the  spheric- 
ity of  the  earth),  and  by  a  simple  geometrical  construction,  the  bearing 
and  quantity  of  the  dip,  or  line  of  greatest  descent,  are  easily  obtained, 
lines  Nos.  1  and  2,  combined  in  this  manner,  give  for  the  dip  of  the  lower 
sandstone  in  Wisconsin,  14.3  feet  per  mile  in  the  direction  S.  76°  E.  Nos. 
2  and  3,  at  the  crossing  of  the  Menomonee  give  for  dip  thirty-nine  feet  pei 
nrile,  course  S.  68*^  E.  Nos.  3  and  4,  at  the  centre  of  Township  39  N., 
lUnge  28  W.,  11.2,  along  a  course  S.  30°  E.  Nos.  4  and  5,  courso^S.  23° 
£•,  give  a  dip  of  seven  feet  per  mile. 
L  The  disadvantage  in  rising  lines  like  these,  along  the  line^ef  outcrop,  is, 
f  that  they  do  not  make  the  best  angles  with  each  other ;  but,  in  a  level 
^^untry,  no  others  can  be  obtained.  They  do  not  in  general  represent  the 
<fip  as  great  as  it  really  is,  or  would  appear  to  be,  if  they  were  protracted 
to  the  centre  of  the  basin.  Those  above  given  are  nearly  coincident  vrith 
the  lines  of  bearing  along  the  northern  and  western  margm  of  the  Silurian 
groups. 

The  Hudson-river  group,  or  that  portion  known  as  the  Cincinnati  blue 
Wstone  of  the  Ohio  reports,  is  so  marked  in  its  external  characters  and 
25ological  contents,  that  it  is  easily  recognizable.  By  the^aid  of  Mr. 
^>ham,  I  have  been  able  to  obtain  two  lines  along  it^  outcrop^  which  may 
'^  regarded  as  approximately  correct. 
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No.  1.  From  Stockbridge,  Calumet  count j,  Wisconsin,  to  the  north  li   

of  township ^6  N.,  range  23  E.,  on  Green  bay.     Course  N.'32°  E.,  fiftj-^ 
eight  miles ;  descent  two  hundred  and  sixty  feet. 

No.  2.  From  the  first-mentioned  point,  S.  30®  W.  56  miles,  to  the  north* 
west  corner  of  township  10  N.,  range  14  E. ;  rise  twenty  feet. 

This  would  give  the  line  of  dip  S.  75°  E.,  at  13.8  feet  per  mile,  whicl 
corresponds  very  well  with  the  results  before  given. 

By  my  measurements  and  estimates  in  the  bays  and  among  the  islands 
near  the  entrance  to  Green  Bay,  the  dip  of  the  superior  members  of  the 
Sihirian  system  was  determined  to  be  S.  E.  and  S.  E.  by  E.,  at  the  rate  of 
thirty  or  forty  feet  to  the  mile. 

Mr.  Lapham,  who  has  carefully  examined  the  various  groups  in  the 
vicinity  of  Milwaukee,  estimates  their  dip  at  from  fifteen  to  seventeen  feet 
per  mile,  due  east.     The  best  estimate  which  I  have  been  able  to  make 
from  observation  between  Fond  du  Lac  of  Lake  Winnebago  and  Sheboygan  • 
gives  about  seventeen  feet  per  mile  in  a  direction  S.  65''  E. 

Between  the  Manistee  river  and  Point  Detour,  the  inclination  is  S.  E.  by 
S.,  forty  feet  per  mile;  and  in  the  vicinity  of  Mackinac,  S.  at  the  rate  of 
thirty  or  forty  feet. 

Thickness  of  the  several  Groups, —  The  Mackinac  limestone,  which  is  the 
equivalent,  in  part,  of  the  Onondaga  salt  group — the  superior  member  of  the 
Silurian  series  —  and  the  upper  Helderberg  limestone,  is,  by  my  measure- 
ment, three  hundred  and  fifty  feet  in  thickness.  Below  this,  is  a  thin,  marly 
bed,  containing  gypsum,  which  probably  does  not  exceed  fifty  feet. 

Classifying  the  beds  without  reference  to  organic  remains,  the  next 
member,  m  the  descending  order,  may  attain  a  thickness  of  one  hundred 
and  fifty  or  two  hundred  feet,  although  its  exact  measurement  is  impracti- 
cable. It  is  characterized  by  numerous  corals,  and  hence  may  be  desig- 
nated as  the  coralline  bed. 

Next  succeeds  the  Pentamerus  lunestone,  cropping  out  north  of  Macki- 
nac, where  it  appears  thinner  than  farther  west;  but  it  is  difficult  to  esti- 
mate its  thickness,  so  slightly  is  it  exposed.  It  appears  on  the  coast  at 
Seul  Choix  and  continues  thence  beyond  Porte  des  Morts,  having,  at  the 
entrance  to  Green  Bay,  a  thickness  of  four  hundred  and  eighty  or  five 
hundred  feet.  The  groups  from  Mackinac  to  Seul  Choix  curve  gradually 
to  the  south  and  pass  into  the  lake.  The  upper  portion  of  the  Pentamerus 
bed  is  seen  on  Drummond's  island  and  on  the  St.  Mary's  river  —  the 
dividing  line  between  it  and  the  coralline  bed  passing  in  a  curvilinear  form 
from  S^ul  Choix  to  the  northward  of  St.  Martins*  Bay,  and  thence  to  the 
St.  Mary^s  river,  a  few  miles  above  the  Detour  light.  t 

It  is  difficult  to  obtain  the  thickness  of  the  subordinate  groups,  consisting 
of  the  Hudson-river,  Trenton,  Birds-eye  and  Chazy  limestones,  and  the 
calciferous  sandstone,  superior  to  the  Potsdam.     If  we' knew  their  precise 
dip  and  area,  the  calculation  would  be  comparatively  easy.     For  the  dip* 
we  should  take  a  medium  between  the  upper  and  the  lower  groups,  since 
the  inclination  of  the  superior  strata  is  greater  than  the  inferior ;  but,  in  tbe 
interior,  where  the  intermediate  groups  exist,  their  presence  is  almost  et^' 
tirely  concealed  by  drift,  and  they  cannot,  by  direct  observation,  be  sep^' 
rated.     They  occupy  a  belt  of  country  about  forty  miles  in  width,  on  tb^ 
waters  of  Green  Bay ;  their  easterly  boundary  passing  from  Sturgeon  B^X 
through  the  middle  of  Great  Bay  des  Noquets,  while  their  w^esterly  boaii' 
dary  crosses  tbe  Wolf,  Menomonee,  Oconto  and  Escanaba  riveni,  on  a  li^^ 
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?arlj  parallel  \?ith  one  through  Green  Bay,  and  about  forty-five  miles  (lis* 
nt  to  the  north-west.  If  the  average  dip  of  these  intermediate  beds  be 
sumed  at  twenty-five  feet  per  mile,  on  a  line  of  forty  miles  across  the 
Lsset  edges  of  the  strata,  the  rise  would  be  one  thousand  feet;  but  the 
rfaCfe  of  the  country  has  also  risen  from  three  to  four  hundred  feet,  which 
ould  be  deducted  from  the  thickness  of  the  mass,  leaving  it  at  six  or  seven 
ndred  feet ;  and,  allowing  for  irregularities  in  the  strata,  a  further  deduc- 
n  of  one  hundred  feet  should  also  be  made. 

Without  attempting  to  separate  the  several  members  between  the  Penta- 
jrus  limestone  and  the  Potsdam  sandstone,  I  put  their  entire  thickness  at 
e  hundred  feet,  as  displayed  on  the  waters  of  Green  Bay,  thinning  out, 
wever,  as  traced  towards  the'  St.  Mary's. 

There  is  also  a  difficulty  in  estimating  the  thickness  of  the  Potsdam  sand- 
>ne,  since  its  base  is  seldom  visible.     On  the  upper  Menomonee,  I  saw 
e  exposure  of  one  hundred  and  fifty  feet ;  and  I  should  estimate  its  entire 
ickness  at  two  hundred  feet. 
The  results,  then,  of  all  my  observations  are  as  follows : 

Potsdam  sandstone,  on  the  Menomonee, 200  feet. 

Calciferous  sandstone.  Birds-eye,  Chazy,  Trenton,  Hudson- 
river  and  Clinton  groups,  as  developed  in  the  vicinity  of 

Green  Bay, ---,- 500 

Coralline  and  marly  beds,  near  Mackinac, 200  to  250 

.  Mackinac  limestone, 350 

Making  the  aggregate  thickness  1200  or  1400  feet." 

EVIDENCES   OF   DENUDATION  AND   SUBSIDENCE. 

\ii  describing  the  detailed  geology  of  this  region,  we  have  had  occasion 
0  speak  of  extensive  tracts  which  were  denuded  at  a  remote  geological 
pooh,  of  numerous  examples  of  diagonal  stratification,  of  ripple-marked 
surfaces,  of  clay  cracks,  of  the  trails  of  vertebrated  animals,  of  shelving 
iliores,  of  beach  accumulations,  and  of  stratified  deposits  of  sand  and  clay, 
aigh  above  the  present  surface  of  the  lalce : — all  of  which  indicate  that  the 
5ea-bottom  in  which  the  various  groups  were  deposited,  was  subject  to  re- 
peated oscillations. 

As  this  is  a  subject  of  much  geological  interest,  we  deem  it  proper  to  re-« 
'^pitulate  this  evidence,  in  a  connected  form,  even  if  we  lay  ourselves  open 
0  the  charge  of  repetition. 

It  has  been  shown  that  the  surface  of  the  ocean  in  which  the  Potsdam 
andstonc,  or  lowest  member  of  the  Silurian  system,  was  deposited,  did  not 
&ach  within  eight  hundred  feet  of  the  cuhninating  points  of  the  granite  and 
^hists  composing  the  azoic  system ;  that,  all  along  the  line  of  contact  be- 
veen  the  two  series,  there  is  a  marked  unconformability,  the  strata  of  the 
le  being  highly  inclined,  and  of  the  other  nearly  horizontal ;  that,  in  nu- 
erous  instances  along  this  line.,  particularly  at  Middle  island,  Presqu'isle, 
ranite  Point,  Carp  nver,  on  the  northern  coast  of  Lake  Huron  and  in  the 
llley  of  the  Menomonee,  the  harder  and  firmer  rocks  of  the  azoic  series 
^re  denuded,  their  angularities  worn  down  and  their  surfaces  smoothed, 
afore  the  deposition  of  the  sandstone, — resembling,  in  this  respect,  the 
^cks  exposed,  at  this  day,  to  the  breaker  action  of  tte  oc^«iv. 

W«  har$  farther  shown  th^i  Xh%  detritus  com]^osui^  l\ua  f^^n^X^tL^NR^^a 
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arranged  in  layers,  dippmg  slightly  away  from  the  prior-formed  land^— w 
arrangement  which  is  observed  at  this  day  in  the  accumulations  around  the 
islands  of  the  sea,  and  along  shelving  shores ;  that,  at  numerous  points— for 
example — at  L*Anse,  Gramte  Point  and  Dead  river,  are  found  intermingled 
with  the  finer  detritus,  angular  and  slightly  rounded  fragments  of  the 
preexistng  rocks,  derived  from  the  immediate  vicinity,  partaking,  in  this 
respect,  of  the  character  "of  beach  accumulations ;  that  the  frequently  recur- 
ring instances  of  diagonal  stratification,  particularly  observable  in  the  series 
composing  the  Pictured  Rocks,  in  the  detrital  accumulations  at  Granite 
Point,  at  roint  Abbaye,  and  on  the  western  coast  of  Keweenaw  Bay,  indi- 
cate that  the  materials  were  not,  in  all  instances,  mechanically  suspended, 
but  were  drifted  along  the  bottom  by  tidal,. or  oceanic  currents ;  and  that 
the  frequent  occurrence  of  ripple-marked  surfaces,  in  the  series,  is  strong 
if  not  conclusive  proof  of  the  subsidence  of  the  sea-bottom. 

We  have,  also,  as  shown,  in  Part  I.  of  our  report,  similar  evidences  of 
oscillation  and  of  tidal  deposits  along  the  volcanic  fissures  in  the  copper 
region.  These  have  been  particularly  observed  on  the  northern  flank  of 
the  Porcupine  mountains,  on  the  west  coast  of  Keweenaw  Point  (at  a 
locality  known  as  the  Hitz  location),  and  on  the  southern  coast  of  Isle 
Royale.  It  frequently  happens  that  we  meet  with  slight  alternations  of 
arenaceous  and  aluminous  particles,  the  one  in  the  nature  of  a  red  sand  and 
the  other  of  a  red  mud, —  such  as  are'respectively  deposited  by  an  advanc- 
ing and  retreating  tide.  This  mud,  now  consolidated  into  marl,  is  covered 
over  with  fissures,  or  cracks,  such  as  result  at  this  day  from  the  drying  of 
similar  deposits  along  the  margins  of*  rivers,  or  over  low  tracts  adjoining 
the  sea,  indicating  an  exposure  of  the.  ancient  surface  to  atmospheric  in- 
fluences. 

Passing  over  several  intermediate  groups  and  ascending  in  the  series  of 
formations,  we  meet  with  evidences  of  a  difierent  character,  but  illustrating 
the  same  point,  in  the  ripple-marked  surfaces  of  the  Clinton  group,  indented 
with  the  trails  and  tracks  of  animals.  These  layers  were  acciunulated,  if 
not  upon  ancient  sea-margins,  at  least,  upon  the  bottom  of  shoal  and  tran- 
quil waters. 

We  have  seen,  that,  between  the  termination  of  the  Onondaga  salt  group 
and  the  commencement  of  the  upper  Helderberg  series,  there  occurs,  in  our 
district,  an  immense  hiatus,  durmg  which,  according  to  Mr.  Hall,  two  dis- 
tinct faunas  lived  and  died,  without  having  left  a  trace  of  their  existence 
here;  but  we  are  uncertain  whether  the  mtervening  deposits,  which  are 
clearly  tepognized  in  New  York,  thinned  out  before  reaching  this  portion  ot 
the  oceanic  bed,  or  whether  they  may  not  have  once  extended  over  it, 
though  diminished  in  thickness,  and  been  removed  by  an  ancient  denu- 
dation. 

There  are  some  facts  which  seem  to  warrant  the  latter  conclusion,  that 

is,  of  a  denudation  of  the  strata,  not  local,  but  extending  over  a  wide  area, 

which  took  place  at  about  the  close  of  the  period  of  the  Onondaga  salt 

group.    Thus,  in  New  York,  Mr.  Hall  states  that  the  upper  member  oi 

this  group  exhibits  an  apparently  water-worn  surface,  upon  which  the  sue- 

ceedmg  beds  have  been  conformably  deposited.     Thus,  too,  near  the  upper 

portion  of  the  cliff  limestone,  at  Columbus,*  Ohio,  whose  deposition  must 

■"   ■  — ■  ■  ■  ■  I       ■        »- 

This  interesting  phenomenon  was  pointed  out  to  us,  in  company  with  M.  Agassiz,  hf 

Mr.  Joseph  Suiliyant.    After  having  pointed  out  the  line  throng  one  quarry,  he  took  us 

to  Mootber,  a  mile  or  more  distant,  where  he  aho^^  i;^  t\i«  avoM  .\X£aif^N\]kx>3L<^  U^xiDf;^  no 
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be  referred  to  about  this  period,  the  ancient  surface  appears  to  have  been 
planed  down  and  smoothed  in  a  most  wonderful  manner,  diflFering  altogjether 
From  the  effects  of  breaker  action.  Were  it  not  for  the  absence  of  striae,  it 
night  be  likened  to  the  effects  of  drift  agency.  The  fossils,  principally 
Cyathophyllaf  are  silicified,  and,  being  harder  than  the  matrix  in  which 
they  are  enclosed,* project  a  few  lines  above  the  polished  surface;  but  show 
hat  they,  too,  were  planed  down  by  this  agency,  whatever  it  was.  Upon 
his  polished  surface,  the  succeeding  layers  were  conformably  deposited,  so 
hat,  in  a  vertical  section,  this  line  of  demarcation  appears  no  wider  and  no 
Qore  distinct,  than  one  of  lamination,  or  stratification.  We  may  further 
idd  that  each  division  is  characterized  by  a  distinct  fauna. 

Between  the  coinmencement  of  the  Devonian  and  the  dawn  of  the  drift 
*poch,  there  is  an  immense  gap  in  the  series  of  formations  in  this  district, 
md  we  search  in  vain  for  any  evidences  of  the  condition  of  the  ancient  sur- 
ace.  In  a  former  report,  we  have  shown  that  stratified  deposits  of  drift 
lay  and  sand  occur  in  some  cases  at  an  altitude  of  nearly  one  thousand 
eet  above  the  present  level  of  the  lake,  and  that,  therefore,  the  waters  in 
vhich  these  deposits  were  made,  reached  four  hundred  or  five  hundred 
eet  higher  than  the  surface  of  the  ocean  at  the  dawn  of  the  Silurian  epoch. 
Ve  have,  also,  shown  that  the  lake  margin  is  lined  in  many  places  with 
tair-like  ridges  of  loose  materials,  known  as  terraces,  arranged  one  above 
he  other,  from  which  we  infer  that  within  comparatively  recent  geological 
imes,  the  surface  of  the  water  has  occupied  different  levels ;  or,  in  other 
rords,  that  the  land  has  been  subject  to  repeated  elevations.* 

We  have  thus,  then,  abundant  evidence  of  the  oscillations  of  the  surface, 
urin^  the  accumulation  of  the  detrital  deposits  of  this  district,  embracing 

£€nod  of  inconceivable  duration,  from  the  dawn  of  the  Silurian  epoch, 
en  the  Lingula  and  the  Trilobite  first  appeared,  to  the  close  of  the  drift, 
rhen  the  gigantic  pachyderms — the  Mastodon  and  the  Elephant — became 
xtinct.  These  oscillations,  with  a  few  exceptions,  to  be  adverted  to  here- 
ftcr,  appear  to  have  been  attended  with  no  corrugations,  or  displacements, 
f  the  strata,  although  thev  may  have  prescribed  the  limits  of  certain  groups 
nd  modified  their  vertical  range.  They  indicate  nothing  like  catastrophes, 
othing  which  would  produce  an  instantaneous  destruction  of  organic  life ; 
nd  yet  perhaps,  they  were  less  gradual  than  those  elevations  and  depres- 
ions  which  are  now  taking  place  in  different  parts  of  the  earth*s  surface, 
be  effects  of  which  are  rendered  apparent  by  the  lape  of  centuries  rather 
ban  of  years.  The  coast  of  California  exhibits  fossil  shells  a  hundred  or  more 
»et  above  the  water,!  identical  with  those  which  flourish  along  the  shore : 
be  same  is  true  with  regard  to  the  St.  Lawrence,  Sweden,  and  other  parts 
f  the  earth.  The  inference,  therefore,  is  that  in  these  instances,  the  rising 
f  the  land  has  been  sufficiently  gradual  to  enable  the  species  to  migrate 
nd  accommodate  themselves  to  new  conditions^;  but  these  ancient  oscilla- 
ons  appear  to  have  been  attended  with  far  different  results. 
In  this  connection,  it  may  be  proper  to  enquire  into 
r/*«  Effects  of  these  Oscillations  on  Organic  Life. — To  account  for  the 
epeated  destruction  of  the  varied  forms  of  animal  and  vegetable  life,  which  is 
ttested  by  all  geological  researches,  it  is  not  necessary  to  suppose  that  these 
esults  have,  in  all  instances,  been  brought  about  by  violent  perturbations, 
t  variance  with  that  cahn  operation  of  nature  which  we  now  see  going  on 
■■'  »■■  ■■  .  ,,  ^^ 

«  Fart  I.,  pp.  188-194.    f  On  th«  authority  of  Col.  3 vr%\X. 
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around  us.  The  sea,  like  the  land,  has  its  mountains  and  rallejs  and  its 
far-stretching  plains,  tenanted  by  a  fauna  more  circumscribed  in  its  range, 
and  as  susceptible  to  great  changes  as  that  >vhich  inhabits  the  land.  An 
elevation  of  its  bed  to  the  height  of  a  thousand  feet,  would  convert  many 
a  chain  of  islands  into  mountam  ranges,  with  intervening  valleys,  and  many 
banks  into  plains,  like  the  prairies  of  the  West,  the  desferts  of  Africa,  or  the 
llanos  of  South  America.  It  will  at  once  appear  obvious  to  the  geologist 
that  an  elevation  or  depression  of  the  bed  of  the  ocean  to  such  an  extent, 
would  be  attended  with  a  marked  modification  of  both  animal  and  vegeta- 
ble life,  over  the  entire  area  thus  disturbed.  New  conditions  would  arise 
which  would  be  fatal  to  their  existence.  These  conditions  have  been  ably 
discussed  by  De  la  Beche,*  and  consist  of  a  change  in  temperature,  pressure, 
light,  and  in  the  amount  of  air  mingled  with  the  water.  In  the. depths  of 
the  ocean,  according  to  the  researches  of  Sir  James  Ross,  and  other  navi- 
gators, the  water  is  supposed  to  possess  a  uniform  temperature  of  39.5^ 
At  the  poles  this  line  approaches  the  surface,  while  at  the  equator  it  sink 
far  below  it.  By  a  subsidence  of  the  land,  many  species  in  the  equatorial 
regions,  which  are  surrounded  by  a  medium  possessing  a  temperature  of 
78°,  might  be  brought  within  the  range  of  a  temperature  of  39.5°— a 
change  which  would  befatal  to  their  existence.  The  investigations  of  Dana 
have  shown  that  many  of  the  corals,  for  instance  the  Astraacea^  Madrep(h 
raceCy  and  Gemmiporida  range  within  latitude  28°  north  and  south  of 
the  equator,  and  that  they  are  confined  to  a  depth  within  one  hundred  and 
twenty  feet  of  the  surface.  Darwin  had  before  pointed  out  the  depths  at 
which  other  forms  occur. 

The  researches  of  Professor  E.  Forbes  have  shown  that  the  eastern 
Mediterranean  may  be  divided  into  eight  zoological  zones,  each  characte- 
rized by  a  peculiar  fauna.  Similar  results  were  contemporaneously  arrived 
at  by  Professor  Loven  from  his  investigations  of  marine  life  along  the  coast 
of  Norway.  The  same  observations  are  true  with  regard  to  the  marine 
flora,  although  it  ceases  far  above  the  deepest  regions  of  animal  life.  It 
would  seem  improbable  that  a  coral  which  lives  at  an  inconsiderable  depth, 
in  an  equatorial  sea,  where  the  temperature  rises  to  78°,  could  continue  to 
flourish,  when  transported  near  the  poles,  where  the  line  of  39.5°  ap- 
proaches the  surface,  or  the  colder  water  forms  a  stratum  above  it.  As 
well  might  we  expect  to  find  an  arctic  vegetation,  at  the  sea-level,  beneath 
the  tropics. 

But  let  us  recur  to  the  conditions  of  organic  life  on  our  own  coasts.  Ac- 
cording to  Dr.  Gould,t  of  the  one  hundred  and  ninety-seven  marine  species 
found  m  Massachusetts,  eighty-three  do  not  pass  to  the  south  shore  of  Cape 
Cod,  and  fifty  are  not  found  on  the  north  shore.  The  remaining  sixty-four 
take  a  wider  range,  and  are  found  oii  both  sides.  These  results  have  been 
somewhat  modified  by  subsequent  investigations,  but  the  great  fact,  as  to 
their  limited  distribution,  remains  unimpaired. 

The  same  law,  according  to  the  same  authority,  is  true  with  regard  to 
Cape  Hatteras  —  that  cape  forming  a  natural  boundary  between  many  ^^ 
the  forms  of  animal  life  inhabiting  the  sea,  north  and  south. 

As  marine  life,  then,  like  terrestrial  vegetation,  is  adjusted  to  cert^»^ 

•  Greologlcal  Observer,  pages  162  to  190.    We  shaU  quote  many  of  the  piomin«nt 
adduced  by  him,  which  bear  upon  this  point. 
f  Beport  on  the  Invertebrata  of  Massachusetts,  page  816 


anes,  thf  geologist,  in  investigating  an  anciently  raised  sea-bottom  and  the 
ariously  distributed  organic  remains,  should  be  on  his  guard,  lest  he  assign 
>  different  epochs  animals  which  were  really  contemporaneous ;  nor  should 
?  neglect  to  distinguish  between  littoral  and  deep  sea  deposits,  which,  al- 
lougn  simultaneously  formed,  would  differ  both  m  lithological  characters 
id  jm  organic  remains.  Without  observing  the  gradations  between  the 
io  extremes,  he  might  rashly  infer,  from  their  relative  level,  that  the  one 
as  imposed  upon  the  other. 

Aside  from  the  differences  of  temperature,  we  are,  also,  to  consider  the 
odifications  arising  from  pressure.  The  law  relating  to  this  subject  is  well 
iderstood,  and  need  not  here  be  recapitulated.   When  we  know  the  depth 

which  a  certain  animal  penetrates,  we  can  calculate  the  pressure  which 

is  adapted  to  sustain.     While  some  forms  of  marine  life,  like  the  nauti- 
s,  have  a  wide,  vertical  range ;  others,  like  the  oyster,  are  extremely  re- 
ricted ;  but  to  all  there  are  fixed  limits,  beyond  which  they  cannot  pene 
ate. 

In  investigating,  therefore,  the  palaeontology  of  past  epochs,  we  ought, 
priariy  to  expect  to  find  certain  forms  ranging  through  a  series  of  groups, 
hile  others  would  be  restricted  to  a  single  one. 

"  We  cannot  suppose  an  animal  so  constructed,"  remarks  De  la  Beche, 

as  to  sustain  a  pressure  of  more  than  two  hundred  atmospheres  at  one 
ime,  and  two  Or  three  atmospheres  at  another.  A  creature  inhabiting  a 
epth  of  one  hnndred  feet  would  sustain  a  pressure,  including  that  of  the 
itmosphere,  of  about  sixty  pounds  to  the  square  inch,  while  one  at  four 
lundred  feet,  no  very  important  depth,  would  have  to  support  a  pressure  of 
1,830  pounds  to  the  square  inch. 

"Animals,  among  other  conditions  for  their  existence,  are  adapted  to  a 
;iven  pressure,  or  certain  ranges  of  pressure,  so  adjusted  that  they  can 
move  freely  in  the  medium,  either  gaseous  or  aqueous,  in  which  they  live. 
411  their  delicate  vessels  and  the  power  of  their  muscles  are  adjusted  to  it. 
When  the  pressure  becomes  either  too  little  or  too  great,  the  creature 
perishes;  and,  therefore,  when  acting  freely  in  such  a  medium  as  the  sea, 
an  animal  will  not  readily  quit  the  depths  in  which  it  experiences  ease.  All 
are  aware  of  the  adjustment  of  an  abundance  of  fish  to  the  depths,  to  or 
from  which  they  may  frequently  descend,  by  means  of  the  apparatus  of 
'swimming-bladders.  This  arrangement,  however,  only  changes  their  specific 
gravities  as  a  whole,  the  relative  volume  occupied  by  the  air,  or  gases  in  the 
swimming-bladders,  being  the  chief  cause  of  difference ;  though,  no  doubt, 
^Iso  the  squeezing  process  at  great  depths  would  diminish  the  volum^  of  such 
^ther  parts  of  their  bodies  as  were  in  any  manner  compressible,  the  reverse 
'^ppening  with  a  rise  from  deep  waters  to  near  the  surface.  So  adjusted  to 
iven  depths  do  these  swimming-bladders  appear  for  each  kind  of  fish,  that 
•  has  been  observed  that  the  gas,  or  air,  in  the  swimming-bladders  of  fish 
fought  up  from  a  depth  of  about  3300  feet  (under  a  pressure  of  about  one 
iindred  atmospheres),  increased  so  considerably  in  volume,  as  to  force  the 
^Cimming-bladder,  stomach  and  other  adjoining  parts,  outside  of  the  throat, 

a  balloon-formed  mass."*  The  modifications,  therefore,  of  animal  life 
Suiting  from  pressure  would  be  quite  as  great  as  those  resulting  from  tem- 
-rature. 

Light,  also,  exercises  a  powerful  influence  upon  marine,  as  well  as  ter- 

»-  , 

*  FouiUet,  EJem^DB  de  Phyuiqne  £zp«rimentale.    Q«o\.  0\>%.  AM* 
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restrial  life ;  and  we  should  expect  that  the  fishes,  crustaceans  and  molluscs, 
which  possessed  eyes,  should  occupy  such  levels  as  were  adapted  to  their 
range  of  vision. 

Thus  the  Pomatomus  hlescopiurriy  which,  according  to  Professor  Forbes, 
inhabits  considerable  depths  in  the  Mediterranean,  possesses  remarkably 
large  eyes,  apparently  constructed  so  as  to  concentrate  all  of  the  rays 
which  penetrate  to  that  level.  The  Trilobite  of  the  ancient  world,  as 
demonstrated  by  Buckland,  possesses  a  set  of  lenses  similarly  adapted  to 
enable  it  to  see  at  great  depths.  Professor  E.  Forbes  has  also  adverted  to 
the  influence  of  light  upon  marine  animals,  and  shown  that  those  inhabitiDg 
different  zones  are  differently  colored.  Perhaps,  however,  the  mere  depri- 
vation of  light  would  not  in  all  cases  be  attended  with  the  extinction  of 
marine  animals,  possessing  visual  organs;  since  the  eyeless  fishes  of  the 
Mammoth  Cave,  as  shown  by  Wyman,  have,  in  those  respects,  a  rudimen- 
tary organization. 

Marine  animals,  also,  require  for  their  existence  a  supply  of  oxygen, 
and  at  the  junction  of  the  sea  and  the  atmosphere  the  absorption  is  the 
greatest.  The  observations  of  M.  Biot  render  it  probable  that  the  con- 
tents of  the  swimming  bladders  of  fishes  vary  according  to  the  depths  at 
which  they  live.  He  found  the  contents  to  consist  of  pure  nitrogen  in 
those  inhabiting  shoal  waters,  while  the  contents  of  the  bladders  of  those 
living  at  great  depths  consisted  of  oxygen  and  nitrogen,' in  the  proportion  of 
nine-tenths  of  the  former  to  one- tenth  of  the  latter. 

Again,  as  suggested  by  De  la  Beche,  in  tidal  seas  we  find  certain  mol- 
luscs, adjusted  to  live  alternately  exposed  to  the  atmosphere  and  the  sea. 
Some  species  are  confined  to  the  shores,  while  others  are  only  found  at  great 
depths,  and  hence  there  can  be  no  doubt  that  some  require  for  their  sus- 
tenance a  greater  supply  of  oxygen  than  others. 

There  are  other  effects  resulting  from  the  oscillations  of  the  land,  which 
might  produce  modifications  in  marine  life.     A  greater  amount  of  elevation 
in  one  part  of  the  area  than  in  another,  might  cause  a  change  in  the  direc^ 
tion  of  the  streams,  and  produce  an  influx  of  fresh  water,  which  would  be 
attended  with  the  destruction  of  such  testacea  as  were  exclusively  marine* 
In  fact,  this  accords  with  the  observations  of  Professor  E.  Forbes,  in  the 
^gean  Sea,  where  certain  species  are  wanting,  which  occur  abundantly  in 
the  western  Mediterranean.     This  result  he  attributes  to  the  compositioi^ 
of  the  sea-water,  rather  than  to  climatic  influences.     Again,  his  observa^ 
tions  have  led  him  to  believe  that  the  distribution  of  marme  life  is  eflFected 
by  the  nature  of  the  sedimentary  deposits  distributed  over  the  bottom- 
Thus,  those  animals  whose  habits  adapt  them  to  a  muddy  bottom,  would 
not  flourish  upon  a  sandy  one,  and  vice  versa.     Thus,  too,  the  researched 
of  Mr.  Hall,  in  our  own  district,  have  shown  that  during  the  period  of  th^ 
deposition  of  the  Niagara  limestone,  the  character  of  the  sediment  wa^ 
a  variable.    Under  certain  conditions,  corals  flourished  in  great  abundance  ' 
change  ensued,  and  they  disappeared ;  and  this  occurred  not  in  one  instance 
only,  but  was  frequently  repeated.  Their  ejttinction  appears  not  to  have  been 
due  to  catastrophes,  for  we  find  no  evidences  of  them,  but  to  a  change  in 
the  sediment.     In  the  purely  calcareous,  or  calcareo-magnesian  beds,  they 
appear  to  have  flourished,  forming  reefs  of  considerable  extent ;  but  wher^ 
there  was  an  influx  of  argillaceous  mud,  they  died  out  altogether. 

A  change  in  the  relative  level  of  the  land  might  produce  a  change  in  the  char^ 
acter  of  the  detrital  deposits  and  of  the  marme  animals  dwelling  upon  thein^ 
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;he  other  hand,  the  submergence  of  the  land  would  be  attended  with 
s  equally  marked.  The  length  of  the  streams  would  be  shortened, 
nr  power  to  transport  detritus  diminished^  and  the  character  even  of 
?tritus  might  be  modified..  "When  the  shores  ceased  to  present  them- 
the  littoral  marine  animals,  previously  inhabiting  them,  and  moving  to 
ists  as  these  retreated  upon  the  descent  of  the  mam  mass  of  land,  would 
tected  also  to  have  disappeared,  unless  able  wholly  or  in  part  to  have 
d  themselves  to  the  new  conditions.  When,  however,  zone  after 
I  the  marine  vegetation  disappeared  as  the  circumstances  fitted  for 
wth  ceased,  the  animals  which  fed  upon  the  plants  would  perish,  and 
lem  those  which  lived  upon  the  vegetable  eaters,  unless  they  could 
to  other  localities  where  food  of  the  same  kind,  or  of  others  which 
»uld  substitute  for  it,  was  to  be  found,  and  was  suflScient  for  them."* 
region,  for  instance,  like  that  under  consideration,  encircled  in  the 
^itn  vast  fresh-water  lakes,  as  the  sea  invaded  the  land,  the  waters 
first  become  brackish  and  then  saline  ;  and  thus  we  might  hUve  three 
:  sets  of  formations,  each  characterized  by  a  peculiar  fauna, 
thus  see  that  the  elevation  or  depression  of  extensive  tracts  of  land  at 
y,  would  be  attended  with  the  extinction  of  many  forms  of  animal 
getable  life ;  and,  reasoning  from  analogy,  we  have  a  right  to  infer 
e  mutations  in  the  surface  of  the  earth,  in  times  past,  which  as  the 
hes  of  geologists  have  ^shown  were  of  frequent  occurrence  and  of  vast 
were  attended  with  similar  results. 

*  Geological  Observor,  p.  G26. 
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CHAPTER  XII. 

CHEMISTRY  AND  ECONOMIC  GEOLOGY  OF  THE  PALAEOZOIC  SERIES. 

Prospects  of  the  Mining  Interest  in  the  Capper  Region, —  Sandstones  one 
Conglomerates.  —  Their  Chemical  Composition.  —  Their  Economical 
Application.—  Chemical  Examination  of  the  Limestones. —  Method  o} 
Analysis. —  Lower  Silurian  Limestones. —  Remarks  on  the  Composition 
of  the  Lower  Silurian  Limestones. —  Upper  Silurian  Lim^tones, — Marbt 
of  the  Azoic  Series. —  General  Remarks  on  the  Analyses. —  Theory  <^ 
Dolomitization. —  Occurrence  of  Soda,  Chlorine  and  Sulphuric  Acid.^- 
Probable  Origin  of  these  Substances. —  Economic  Application  of  the 
Limestones. — For  Calcination. — Building  Materials. —  Occurrence  of 
Metallic  Ores  in  the  Limestones. —  Gypsum.  ' 

In  Part  I.  of  this  reporj,  we  hare  described,  somewhat  in  detail,  the  ex- 
tent, mode  of  occurrence  and  economic  value  of  the  metallic  deposits,  which 
occur  in  the  lower  portion  of  the  palaeozoic  series.  In  regard  to  the  value 
and  extent  of  the  mineral  deposits  of  the  copper  region,  we  have  no  addi- 
tional remarks  to  offer,  except  that  the  productiveness  of  the  veins  bas 
folly  equalled,  if  not  exceeded,  the  estimate  given  by  us  in  our  report ;  and 
that  the  prospects  of  companies  engaged  in  mining,  at  various  points  along 
the  cupriferous  belt,  are  better,  at  this  time,  than  at  any  period  since  the 
first  exploration  and  settlement  of  that  country. 

We  shall  now  proceed  to  give  some  account  of  the  rocks  and  minerals  ot 
the  above-named  series,  especially  of  those  occurring  in  other  portions  of 
the  district,  remote  from  the  trappean  ranges,  with  especial  reference  to 
their  economic  value ;  and  in  order  to  arrive  at  a  more  accurate  knowledge 
on  this  point,  we  shall  give  the  results  obtained  by  us  in  our  chemical  exa- 
mination of  some  of  the  more  important  of  these  materials.  Where  these 
investigations  seem  to  throw  light  on  any  points  of  scientific  interest,  we 
shall  briefly  discuss  them  in  their  theoretical  bearing  and  general  applica- 
tion. 

SANDSTONES   AND    CONGLOMERATES. 

Chemical  and  Mineralogical  Composition.  —  At  a  distance  from  all  igne- 
ous action.  Where  the  sandstone  has  been  regularly  deposited  and  not  sub- 
jected to  any  disturbing  ihfluences,  it  appears  to  be  made  up  almost  entirely 
of  angular  fragments  of  nearly  pure  quartz,  which  are  hardly  held  together 
by  any  visible  cement.  The  grains  are  generally  of  the  size  of  a  pin'^ 
head,  and  often  present  crystalline  facets. 

The  sandstone,  on  the  southern  slope  of  the  axis,  is  generally  of  ih^ 
character,  and  its  composition  will  be  seen  from  the  following  analysi^i 
which  shows  it  to  be  almost  pure  silica,  or  quartz. 

The  specimen  analyzed  was  from  the  White  Rapids  of  the  Menomoix^' 
river;  it  is  white,  granular,  and  very  friable  —  so  much  so,  that  it  is  ditf 
cult  to  preserve  a  specimen,  since  it  crumbles  so  easily  when  handled. 
It  was  fused  with  carbonate  of  soda,  ailei  \yvi\.\o\i^  iu  which  process  * 
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lost  two-tenths  of  a  p^r  cent,  of  water,  and  retained  its  original  pure- white 
^^lor  perfectly. 

1.3o80  grammes  gave  1.3835  of  silica,  which  was  perfectly  soluble  in 
carbonate  of  soda.  The  residuum  consisted  mostly  of  alumina,  with  only  a 
trace  of  iron  and  lime. 

Silica - ; 99.67 

Alumina,  trace  of  iron  and  lime - • .33 


100.00 

The  Potsdam  sandstone,  at  numerous  other  points,  will  probably  be  found 
of  equal  purity,  though  in  general  it  is  somewhat  colored  by  a  trace  of 
iron.     In  the  vicinity  of  the  trappean  rocks,  it  becomes  highly  charged 
with  iron  and  calcareous  matter,  the  latter  being  so  generally  and  inti- 
mately associated  with  all  of  these  sandstones,  that  they  effervesce  strongly 
with  acid,  even  when  no  perceptible  particles  of  lime  can  be  seen.     A 
specimen  from  the  first  bed  at  Copper  Falls,  of  a  deep  brownish-red  color, 
lost  2.7  per  cent,  on  ignition  at  a  low  red  heat;  it  effervesced  strongly  with 
acid,  and  38.8  per  cent  of  the  pulverized  substance  was  dissolved  by  diges- 
tion with  chlorohydric  acid.     The  soluble  portion  contained  a  trace  of 
copper,  and  a  large  amount  of  peroxide  of  iron,  a  little  alumina  and  lime, 
and  a  trace  of  maj^esia.     The  insoluble  part  consisted  mainly  of  quart- 
zose  grains,  of  a  light  reddish-grey  color. 

Economical  Application  of  the  Sandstones. — The  above  analysis  of  the 
sandstone  shows  conclusively  that  it  would  furnish  an  excellent  material 
for  making  glass,  as  it  possesses  a  remarkable  degree  of  purity.  There 
are  many  localities  where  an  abundant  supply  of  an  equally  pure  material 
might  be  obtained,  both  near  the  shores  of  Lake  Superior  and  Lake  Michi- 
gan. The  grains  of  silicious  substance,  in  the  purer  sandstones,  not  being 
held  together  by  any  calcareous,  or  ferruginous  cement,  the  stone  can  be 
pulverized  with  the  greatest  facility.  In  fact,  there  is  so  littte  coherence 
between  the  particles,  that  it  crumbles  readily  between  the  fingets,  so  that 
we  have  found  it  difficult  to  preserve  specimens  of  these  sandstones,  except 
in  the  form  of  sand. 

The  sandstones  of  the  Silurian  system,  in  our  district,  rarely  furnish 
good  building  materials,  except  in  the  vicinity  of  the  trappean  belts.   Here, 
they  are  cemented  firmly  by  ferruginous  matter,  and  appear  to  contain  few 
impurities  of  a  nature  to  cause  them  to  crumble,  and  become  discolored  by 
the  action  of  the  weather.     From  the  total  absence  of  organic  remains  in 
them,  they  seem  to  be  free  from  many  substances  which  result  from  the 
decay  of  organic  matter.     Some  of  these  sandstones  are  in  beds  of  two 
or  three  feet  in  thickness,  and  are  traversed  by  joints,  which  would  afi'ord 
essential  aid  to  the  quarry-man  in  getting  out  blocks  of  a  convenient  size 
for  building.     At  otner  localities,  for  instance  above  the  portage  of  Kee- 
weeAaw  Point,  the  more  thinly-bedded  varieties  would  furnish  tolerable 
stones  for  flagging.    Some  of  these  sandstones  would  undoubtedly  be  found 
to  make  excellent  hearths  for  furnaces ;  and  could  be  used  for  other  purpo- 
ses, where  a  very  refractory  material  is  required. 

CHEMICAL  ANALYSIS  OF  VARIOUS  LIMESTONES. 

Method  of  Analysis. —  The  analyses  of  the  various  limestonts  occurring 
^thm  our  district  were  made  as  follows : 
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The  pulverized  substance,  of  which  a  quantity  equal  to  from  1  to  1.' 

grammes  was  taken  for  analysis,  was  carefully  dried  at  a  temperature  i 
ttle  above  100°  C.  A  portion  was  then  introduced  into  a  weighed  appa 
ratus,  in  which  the  carbonic  acid  was  set  free  by  the  action  of  chlorohj  dri 
acid,  and  dried  in  its  escape  by  a  tube  containing  chloride  of  calcium.  Tb 
loss  of  weight  was  estimated  as  carbonic  acid.  The  insoluble  portion  w 
filtered  off,  ignited  and  weighed ;  and,  when  it  was  considered  necessary-, 
analyzed  as  a  silicate,  after  fusion  with  carbonate  of  soda.  In  the  filtrate, 
the  iron  and  alumina  were  then  precipitated  by  ammonia,  together  with  a 
small  portion  of  the  magnesia  and  manganese,  which  were  separated  from  * 
each  other  in  the  usual  way.  The  lime  was  precipitated  in  the  ammoniacal 
solution  by  oxalic  acid,  and  ignited  and  weighed  as  a  carbonate.  In  tie 
filtrate,  if  the  soda  was  not  to  be  determined,  the  magnesia  was  precipi- 
tated by  phosphate  of  soda,  and  weighed  as  phosphate  of  magnesia.  It 
the  soda  was  estimated,  it  was  done  by  several  of  the  processes  described 
for  separating  it  from  magnesia.  The  method,  however,  which  seems  to 
furnish  the  most  accurate  results,  and  by  which  we  are  satisfied  that  these 
two  substances  can  be  separated  most  perfectly  and  with  the  least  trouble, 
at  least  when  the  quantity  of  soda  is  small  in  comparison  with  that  of  the 
magnesia,  is  as  follows :  The  filtrate,  after  separating  the  lime,  is  evaporated 
to  dryness  over  the  water-bath,  and  ignited  in  the  platina  capsule  to  expel 
the  ammoniacal  salts ;  the  remaining  substance  is  then  transferred  to  a  thin, 
but  tolerably  large-sized,  platina  crucible,  and  strongly  ignited  for  a  con- 
siderable time,  the  cover  of  the  crucible  remaining  on.  The  ignition  must 
be  repeated  till  there  is  no  longer  any  loss  of  weight ;  and,  at  short  intervals, 
the  crucible  must  be  allowed  to  cool  and  its  contents  must  then  be  moistened 
with  a  drop  or  two  of  water,  and  a  small  fragment  of  carbonate  of  ammonia 
laid  upon  the  bottom.  In  this  way,  all  the  chloride  of  magnesium  will  be 
decomposed,  and  pure  magnesia  be  left  behind,  which,  being  almost  entirely 
insoluble,  can  easily  be  separated  from  the  chloride  of  sodium.  If  the  ope- 
ration is  properly  conducted,  no  trace  of  magnesia  will  be  found  in  the 
solution  containing  the  soda.  The  chlorine  was  estimated  on  a  separate 
portion,  by  dissolving  in  pure  nitric  acid,  and  precipitating  by  a  salt  oi 
silver. 

ANALYSES  OF  LOWER  SILURIAN  LIMESTONES. 

Analysis  of  Limestone  from  near  Miners^  River y  Township  46,  Rang^ 
18,  Section  12 — {Calciferous  Sandstone.) — This  is  a  light,  yellowish-grey 
variety,  and  represents  very  well  the  lowest  limestone  in  the  series,  being 
found  near  the  Potsdam  sandstone, — the  two  appearing  to  pass  into  each 
other. 

1.502  grammes  left  .2155  insoluble  substance,  mostly  quartzose  matter 
in  angular  grains  =  14.34  per  cent.:  .0487  peroxide  of  iron,  with  a  littte 
alumina :  1.1410  carbonate  of  lime :  .0995  phosphate  of  magnesia. 

Silicious  matter — 14.34 

Carbonate  of  iron - 4.74 

Carbonate  of  lime - 76.36 

Carbonate  of  magnesia 5.02 

100.46 

Trac^  of  soda,  and  chlorine  'were  coiit8Lm^^Vci\V,\)M\.  ^ei^  wot  estimate 
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^(njonish,  sub*crystalltne  Limesianc  of  the  lower  Silurian  Series^  near 

InsCf  Keweenaw  Point,  Section  13,  Township  61,  Range  35, —  This 

«tone  is  probably  a  little  higher  in  the  geological  series  than  that  last 

itioned.     It  is,  from  its  isolated  position  and  relation  to  the  surroundinjg 

itry,  likely,  at  some  future  time,  to  be  of  economical  value.     It  is 

ily  magnesian ;  but,  on   the  other  hand,  contains  very  little  silicious 

ter. 

.9563  grammes  gave  .104  insoluble  silicious  matter;  .0357  alumina, 

I  a  trace  of  iron;  1.0165  carbonate  of  lime;  .9555  phospate  of  mag-- 

a. 

i   another  analysis   of  a  specimen   from   the   same   locality,   1.2370 

nmes  lost  .5495  carbonic  acid ;  left  ,0670  insoluble  substance ;  gave 

.5  precipitate,  by  ammonia,  mostly  peroxide  of  iron ;  .6400  carbonate 

ime ;  .67?7  phosphate  of  magnesia. 

I.  II. 

Silicious  matter 5.32 5.41 

Protoxide  of  iron 1.64)  qo 

Alumina 1.82  ] '^ 

Lime 28.58 28.97 

Mamesia 17.89 19.92 

Carbonic  acid ----  44.34 

Water  and  loss  — - r .53 


100.00 


dmestone  from  Township  43,  Range  25,  section  ?,  below  the  Forks  of  the 
anaba  River. —  This  is  a  light-colored,  compact  stone,  from  the  cal- 
rous  sandstoile  formation;  probably  from  nearly  the  same  geological 
ition  as  the  two  preceding,  but  from  the  southern  slope  of  the  axis^  It 
)y  no  means  so  pure  a  limestone  as  either  of  the  two  of  which  the 
lyses  are  given  above,  since  it  contains  almost  forty  per  cent,  of  sand, 
dlicious  matter.  It  also  contains  a  considerable  amount  of  water. 
.6934  grammes  lost  .4777  carbonic  acid;  left  .6361  insoluble  substance; 
e  .OOBd  peroxide  of  iron;  .0020  alumina;  .4361  carbonate  of  lime; 
35  phosphate  of  magnesia. 
1.0993  grammes  gave  .0011  chloride  of  silver. 

Silicious  substance — 37.62 

Protoxide  of  iron .45 

Alumina - .15 

Lime-. ---; 14.16 

Magnesia- - 15.51 

Carbonic  acid --- t 28.21 

Chlorine '      .05 

Sulphuric  acid - trace 

Soda - trace 

Water  (by  loss) 3.85 

100.00 

fAafe  of  th'P.  Hvdson-^iver  Group  from  Little  Bay  des  JVoquets,  —  This 
cimen  was  a  fair  sample  of  the  shaly  portion  of  the  Hudson-river  group, 
t  occurs  on  the  east  side  of  little  Bay  des  Noquets>  where  \t  \a  &\\&4  m\J^ 

Ex.— 7 
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organic  remains.  Like  the  preceding  it  contains  considerable  water.  It 
is  a  mixture  of  argillaceous  and  calcareous  matter,  the  former  being  mostly 
insoluble  in  acids. 

2.461  grammes  lost  .7603  carbonic  acid  :  left  .7067  insoluble  silicate  of 
alumina,  with  a  little  silicate  of  iron  and  manganese  :  gave  .0623  peroxide 
of  iron  :  .0162  alumina  :  1.0135  carbonate  of  lime  :  .3006  magnesia  :  .0112 
chloride  of  sodium  and  traces  of  chlorine  and  sulphuric  acid. 

A  separate  estimation  of  the  water  on  2.9170  grammes  gave  .0853 
water  =  2.9  per  cent.  • 

Insoluble  silicate  of  alumina 28.71         i 

Protoxide  of  iron 2.28 

Alumina - - .65 

Lime   22.65 

,          Magnesia 12.21 

Soda- .24 

Carbonic  acid - 30.89 

Chlorine  and  sulphuric  acid - traces 

Water  (by  loss) - 2.37 

100.00 

The  amoimt  of  soda,  as  seen  in  the  above  analysis,  is  very  considerable; 
but  the  chlorine  was  hardly  present  in  sufficient  quantity  to  be  weighed. 

Remarks  on  the  above  analyses  of  lower  Silurian  limestones; 

By  Mr.  Hall. 

The  analyses  of  several  specimens  of  these  limestones  show  them  to  be 
highly  magnesian.  A  single  exception  occurs  in  the  limestone  from  the 
vicinity  of  Miners'  river,  in  which  only  five  per  cent,  of  magnesia  was 
found.  In  the  other  examples  of  limestone  from  the  same  geological  posi- 
tion, the  per  centage  amount  of  magnesia  is  equal  to  two-thirds  Uiat  of  the 
lime  in  two  of  them,  and  more  than  equals  the  lime  in  the  other  example. 

The  specimen  from  the  Escanaba  river,  of  which  the  analysis  is  given, 
was  from  the  lower  part  of  the  calciferous  sandstone  and  near  its  junction 
with  the  Potsdam  sandstone ;  this  accounts  for  the  large  proportion  of  sili- 
cious  matter.  The  calciferous  sandstone  is  everywhere  magnesian,  from 
the  Hudson  to  the  Mississippi  river,  the  character  of  the  rock  changing 
mainly  from  the  varying  proportion  of  silicious  matter  which  it  contains  at 
different  points. 

Other  specimens,  taken  frotn  widely  separated  localities,  show  that  the 
inferior  members  of  the  lower  Silurian  limestones  arc  everywhere  mag- 
nesian. 

A  specimen  of  the  calcareous  shale  of  the  Hudson-river  group  shoe's  a 
proportion  of  12.21  percent,  of  magnesia  and  22.13  of  lime,  which,  deduct- 
ing the  silicate  of  alumina  28.71  per  cent.,  would  form  a  dolomitic  com- 
pound. 

In  its  eastern  extension,  where  the  proportion  of  calcareous  matter  is 

far  less,  the  shales  are  highly  magnesian.   This  is  still  farther  showii  where 

tbe  same  strata,  in  a  metamorphic  condition^form  the  talcose  slates  of  New 

York  and  the  western  part  of  New  England.    TW  oc^Aitteuce  of  magnesia 
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lese  rocts  m  their  unaltereci  and  undisturbed  position,  over  so  wide  an 
,  is  a  sufficient  explanation  of  the  character  of  the  same  rocks  when 
imorphosed,  without  supposing  that  the  inagpesian  character  was  the 
It  of  this  process.  Since  the  age  of  these  slates  has  been  well  de- 
dned,  the  chemical  examination  of  their  unaltered  equivalents  becomes 
itter  of  much  interest,  and  chemistry  can  hardly  render  a  greater  ser- 
to  geology  than  by  furnishing  the  results  of  accurate  analyses  of  these 
imorphosed  rocks  and  of  the  same  rocks  where  they  tave  not  under- 
?  this  change 
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reenish  Limestone  of  the  Clinton  group,  from  east  side  of  Green  Bay. 
'his  is  an  argillaceous,  compact  limestone,  and  may  be  taken  as  a  fair 
esentation  of  the  greenish  limestone  of  the  Clinton  group.  It  contains 
iderable  water,  like  all  the  argillaceous  limestones. 
,5584  grammes  of  the  substance,  which  had  been  carefully  ignited  and 
rwards  treated  with  carbonate  of  ammonia,  and  heated  gently,  in  order 
estore  any  carbonic  acid  which  might  have  been  lost  in  the  ignition,  lost 
II  carbonic  acid ;  left  .4380  insoluble  silicate  of  alumina  and  iron;  gave 
17  peroxide  of  iron ;  .033  alumina ;  .6106  carbonate  of  lime ;  .b750 
hate  of  magnesia,  and  .0159  magnesia  separated  afterwards  from  the 
•ride  of  sodium ;  .0159  chloride  of  sodium  ;  and  traces  of  chlorine,  man- 
ese  and  sulphuric  acid,  not  determined. 

Ignited  Substance. 

Insoluble 28.10 

Protoxide  of  iron 1.54 

Alumina 2.12 

Lime - - 21.55 

Magnesia 15.49 

Soda 1.02 

Carbonic  acid 29.84 

Chlorine  and  sulphuric  acid traces 

99.66 

I  separate  determination  gave  4.3  per  cent,  of  water,  on  the  substance 

?datllOrC.  .  .*  . 

The  insoluble  portion  consists  principally  of  silica  and  alumina. 

^jinhestane  of  the  JSTiagara  grmip  from  tha  bluffs  on  east  side  of  Big 

y  des  jHoquets.  — This  is  a  compact  variety,  in  which  the  fossils  appear 

lave  been  obliterated,  as  only  occasional,  faint  traces  of  organic  remains 

seen  in  it ;  it  breaks  with  a  conchoidal  fracture,  and  is  of  a  light-grey^h 

3r. 

.4145  grammes  lost  .6245  carbonic  acid  ;  left  undissolved  .0607  of  sili- 

is  and  argillaceous  residuum ;  gave  .7313  carbonate  of  lime. 

Another  specin\en  gave  on  1.54o  grammes,  .6762  carbonic  acid ;  .0603 

Dluble  silicate ;  .0u38  peroxide  of  iron  and  alumina ;  .8132  carbonate  of 

e;  .0065  chloride  of  sodium;  and  trace  of  sulphuric  acid. 

1.6984  grammes  gave  .0070  of  chloride  of  silver,  and  left  ,0567  \iC  vci- 

able  sihcates. 
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I.         II.         in. 

Insoluble---^ 3.93  ----  3.92  ----  4.28 

Protoxide  of  iron*  and  alumina         .24 

Lime 29.16  ---- 28.43 

Magnesia 20.66 

Soda .23 

Chlorine ----  .12  ----      

Sulphuric  acid trace 

Carbonic  acid  - 44.11 44.15 

Water  (by  loss) 1.67 

100.00     • 

Limestone  of  the  Pentamerus  beds  of  the  JVtagara  group  — from  s(M 
side  of  Sturgeon  Bay, —  This  is  a  highly  crystalline  rock,  filled  with  casts 
of  a  species  of  Pentamerus.  The  interior  of  the  casts  is  lined  with  cr)'8- 
tals  of  brown-spar,  while  the  rock  itself,  as  the  analysis  shows,  is  a  pure 
dolomite.  . 

1.1964  grammes,  dissolved  in  hydrochloric  acid,  left  .0068  residuum; 
gave  no  precipitate  by  ammonia,  or,  at  most,  barely  a  trace  of  iron :  gave 
.6481  of  carbonate  of  lime,  =  54.17  per  cent. :  gave  .7080  phosphate  of 
magnesia,  =  .5311  carbonate  of  magnesia,  =:  44.39  per  cent. 

Carbonate  of  lime 54.17 

Carbpnate  of  magnesia — 44.39 

Silicious  residuum- - - .57 

Water,  soda,  chlorine  and  loss ------  .87 


100.00 

This  is  nearly  a  pure  dolomite,  as  will  be  seen  on  comparing  it  with  the 
theoretical  composition  of  that  substance,  which  is  : 

Carbonate  of  lime 54.3 

Carbonate  of  magnesia -- 45.7 

100.00 

Limestone  of  the  Onondaga  salt  group,  from  the  island  of  Mackinac*^ 
The  specimen  of  this  limestone,  which  was  analyzed,  was  of  light-brownisi^ 
color,  quite  compact  in  its  texture,  with  but  a  very  slight  trace  of  a  crys-* 
talline  structure.     It  consists  principally  of  carbonate  of  lime,  with  a  sma*^ 
amount  of  silica,  and  less  than  half  a  per  cent,  of  iron  and  alumina. 

1.038  grammes  dried  at  100°  C,  lost  .430  carbonic  acid;  left  .0587  ins(>; 
luble,  chiefly  silica  ;  gave  .0032  of  alumina  and  peroxide  of  iron ;  .906*^ 
carbonate  cf  lime;  and  .0857  phosphate  of  magnesia. 

/       Silicious  substance- 5.65 

Alumina  and  iron — —  •  -31 

Linie — 48.88 

Magnesia— •* 3.03 

Carbonic  acid - --  41 .42 

Chloride  of  sodium  and  sulphuric  acid traces 

Water  and  loss .71 

100.00 


197  [ 4 ] 

This  rock  is  burned  into  lime  on  the  island,  and  furnishes  a  very  good 
tide.  It  contains  much  less  magnesia  than  any  of  the  other  Silurian 
cnestones,  affording,  in  that  respect,  a  marked  contrast  to  the  Niagara  group, 
hich  it  overlies,  and  which  is  so  abundantly  displayed  on  the  main  land 
ad  the  adjacent  islands.  The  quantity  of  silicious  matter  in  the  rock  is 
ot  by  any  means  large,  though  more  considerable  than  is  usual  in  the  Ni- 
gara  limestones. 


CRYSTALLINE   LIMESTONE   OF   THE   AZOIC    SERIES. 

Flesh-colored  Marble  from  the  Vicinity  of  Carp  River ^  Township  48, 
\ange  26,  Section  35. —  In  this  connection  we  introduce  an  analysis  of  a 
mestone  from  the  azoic  series,  to  afford  an  opportunity  of  making  a  com- 
urison  between  the  composition  of  the  marbles  of  this  series  and  the  lime- 
ones  of  the  Silurian  period. 

This  is  a  compact,  highly  crystalline  marble,  and,  from  its  position  with 

gard  to  the  deposits  of  iron,  and  the  settlements  •in  its  vicinity,  is  of 
onsiderable  importance.  It  is  a  highly  raagnesian  limestone,  containing 
Imost  forty  per  cent,  of  carbonate  of  magnesia. 

2'.0675  grammes  gave  .SOOo  insoluble  silicious  substance  ;  .007  peroxide 
f  iron,  =  .0063  protoxide;  .954  carbonate  of  lime;  .1665  phosphate  ot 
lagnesia,  and  a  trace  of  manganese. 

Silicious  substance 14.53 

Carbonate  of  iron  and  manganese— .49 

Carbonate  of  lime 46.14 

Carbonate  of  magnesia 38.01 

Water  and  trace  of  chlorine  and  sulphuric  acid .83 


3i 


100.00 

All  the  saccharoidal  marbles  accompanying  the  rocks  of  the  azoic  series 
^emble  each  other  in  external  characters,  and,  probably,  have  a  chemical 
:>mposition  similar  to  that  given  above.  They  are,  when  polished,  highly 
tTiamental,  being  variegated  with  flesh  and  buff-colored  bands  and  patches. 

General  Remarks  —  Theory  of  Dolomitization,  —  From  the  above 
^ries  of  analyses,  it  will  be  seen  that  nearly  all  the  Silurian  limestones 
antain  considerable  magnesia.  The  limestone  of  the  Pentamerus  beds  of 
le  Niagara  group  is  almost  a  pure  dolomite.  This  is  an  interesting 
»ct,  as  it  shows  the  existence  of  heavy,  stratified  deposits  of  this  sub- 
-ance,  in  a  position  where  there  is  no  reason  to  suppose  that  any  change 
Duld  have  taken  place  in  them,  after  their  deposition,  from  the  action  of 
pieous  causes,  since  they  are  far  removed  from  any  rocks  of  any  other 
ban  a  sedimentary  character.  They  extend,  with  great  similarity  of 
xtemal  characters,  through  the  whole  of  our  district,  from  the  St.  Mary's 
D  Green  Bay,  and  are  developed  to  a  very  great  thickness.  They  are 
irhite,  and  highly  crystalline,  and  abound  in  casts  of  the  Pentamerus, 
be  interior  of  the  casts  being  generally  lined  with  crystals  of  dolomite. 
Tiere  are  only  two  theories  wmch  can  be  admitted  with  regard  to  the 
)nnation»of  these  beds;  either,  that  they  were  deposited  originally  in 
beir  present  form ;  or,  that  they  were  originally  deposited  ia  the  same 
lanner^  and  mtb  a  simUar  composition  to  the  be4s  aboN^  ^xA  Xi^o.^  >  ^sA 
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have  since  been  metamorphosed  and  converted  into  dolomite,  by  hydro- 
chem^ical  agencies;  in  other  words,  the  metamorphic  action  must  have 
been  of  an  aqueous,  and  not  of  an  igneous,  character.  Although  the  pos- 
sibility of  the  original  deposition  of  dolomite  from  an  aqueous  solution  has 
been  denied,  and  is  still,  by  some  geologists,  the  large  majority  are  dis- 
posed to  admit  the  Neptunian  origin  of  dolomite  strata,  at  least  in  some 
mstances. 

Numerous  are  the  theories  which  have  been  put  forth  as  furnishing  a 
probable  idea  of  the  chemical  action,  by  which  the  originally  deposited  car- 
bonate of  lime  might  have  been  converted  into  dolomite.  That  of  Hai- 
dinger,  which  has  excited  considerable  attention,  and  which  has  been 
insisted  on  by  Morlot,  takes  for  its  starting  point  the  frequent  occurrence 
together  of  gypsum  and  dolomite,  and  maintains  that  the  change  was 
brought  about  by  the  agency  of  a  solution  of  sulphate  of  magnesia,  at  a 
great  depth  and  under  pressure.  According  to  this  theory,  one  atom  of 
carbonate  of  magnesia  was  formed,  by  the  mutual  action  of  the  solution  of 
sulphate  of  mrigiitsiii  and  the  carbonate  of  lime,  which  united  with  another 
atom  of  the  latter,  forming  dolomite;  while  the  sulphate  of  lime,  formed  at 
the  same  time,  was  fc moved.  This  reaction,  though  exactly  the  reverse  of 
what  actually  takes  place,  under  common  circumstances  of  pressure  and 
temperature,  hr.s  been  supposed  to  be  upheld  by  some  experiments  of  Mor- 
lot, at  a  high  temperature  and  under  a  pressure  of  lilteen  atmospheres, 
though  the  result  was  only  partially  favorable;  for,  although  by  the  double 
action,  sulphate  of  lime  and  carbonate  of  magnesia  were  formed,  yet  it 
remained  uncertain  whether  any  combination  took  place  between  the  latter 
and  the  carbonate  of  lime,  so  as  really  to  form  dolomite. 

If  this  theory  be  the  correct  solution  of  the  formation  of  dolomite,  we 
should  expect  to  find  some  traces  remaining  in  these  dolomitic  beds  of  the 
sulphate  of  lime,  which  must  have  been  formed  at  the  same  time  with  the 
dolomite.  We  were  unable,  however,  to  find  any  deposits  of  gypsum  in 
the  Pentamerus  beds,  and  are  disposed  to  regard  this  as  a  difficulty  in  the 
way  of  adopting  this  theory,  which  would  require  the  formation  and  subse- 
quent removal  of  such  an  enormous  amount  of  sulphate  of  lime. 

If  we  consider  the  very  large  amount  of  magnesia  present  in  some  of  the 
shales,  which  have  evidently  undergone  no  change  since  their  deposition, 
since  the  fossils  entombed  in  them  remain  in  a  perfect  state,  and  do  not 
exhibit  any  marks  of  metamorphic  action,  we  must  allow  the  possibiHty  of 
the  original  formation,  under  circumstances  not  hostile  to  animal  life,  of  3 
highly  magnesian  deposit.     The  shaies  of  the  Hudson-river  group,  whicb 
are  filled  to  repletion  with  organic  remains,  in  perfect  preservation,  contain, 
after  subtr«icting  the  silicious  and  aluminous  portion,  almost  a  sufficient  per 
centage  of  carbonate  of  ma^rnesia  to  form  a  dolomite;  the  same  is  truec^f 
the  shaly  beds  of  the  Clinton  group ;  but  these  strata  are  highly  impure? 
since  they  contain  from  thirty  to  forty  per  cent,  of  insoluble  residuum,  and 
are,  of  course,  destitute  of  a  crystalline  structure. 

We  may  conceive  that  the  j^roduction  of  these  marly  beds  involved  a  two* 
fold  action  in  their  deposition.  In  the  first  place,  a  mechanical  action  was 
introducing  into  the  great  basin,  in  which  the  deposition  was  going  on,  ^ 
supply  of  finely-comminuted,  argillaceous  materials,  or  mud,  which  was 
gradually  sinking  to  the  bottom ;  Vvliile,  on  the  other  hand,  a  chemical 
action  was  separating  from  tlie  solution  a  mixture  of  the  carbonates  oi 
Yime  and  magnesia.    If  the  quaiitity  of  the  carbonates  was  in  the  proper 
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lative  proportion,  a  tiue  dolomite  would  be  formed,  if  not  a  dolomitic 
aestone.  In  the  process  of  formation  of  the  Pentamerus  beds  of  the 
ap:ara  group,  the  action  was  filmost  purely  a  chemical  one,  since  the 
antity  of  matter  introduced  by  mechanical  causes,  is  hardly  more  than 
lalf  of  one  per  cent.  Hence,  we  can  easily  conceive  of  the  exertion  of 
brce  by  which  the  whole  mass  was  made  to  acquire  a  crystalline  struc- 
e — an  arrangement  of  the  particles  of  the  rock  which  may  have  been 
itemporaneous  with  its  deposition,  or  posterior,  and  dependent  on  some 
iTkfre  in  the  causes  acting  externally  at  the  time. 

We  see  from  the  above  analvses  that  all  the  Silurian  limestones  of  our 
trict  contain  a  small  amount  of  soda,  chlorine,  and  sulphuric  acid.  The 
antity  of  soda  is  generally  sufficient  to  be  weighed,  amounting,  some- 
les,  to  one  or  two-tenths  of  a  per  cent.  This  soda  is  probably  present 
•stly  as* a  carbonate,  since  the  quantity  of  chlorine  is  too  small  to  take 
ill  up,  in  forming  chloride  of  sodium.  The  sulphuric  acid  may,  probably, 
combined  with  the  magnesia.  Distinct  traces  of  these  salts  may  be  ob- 
«ed  by  digesting  these  limestones,  after  they  have  been  pulverized,  with 
re,  distilled  water. 

In  regard  to  the  occurrence  of  these  substances  in  the  limestones  and 
lies  or  our  district,  Mr.  Hall's  manuscript  furnishes  the  following  remarks : 
''  It  is  an  important  geological  fact,  that  all  of  these  limestones  contain  a 
all  proportion  of  soda,  chlorine,  and  sulphuric  acid.  The  source  of  these 
Dstances  was  undoubtedly  the  water  of  the  ocean,  from  w^hich  the  rocky 
ata  were  originally  thrown  down ;  and  we  are  enabled  to  trace  through- 
t  the  strata  of  this  long  period,  from  the  earliest  Silurian,  to  the  dawn 

the  Devonian  series,  the  existence  of  these  substances ;  and,  notwith- 
mding  the  influence  of  the  weather  to  which  the  edges  of  the  strata  have 
en  exposed,  an  appreciable  quantity  yet  remains  undissolved. 
We  are  aware  of  the  production  of  sulphate  of  magnesia,  by  the  slow  de- 
)raposition  of  many  of  the  shaly  rocks,  in  situations  sheltered  from  the 
eather;  and,  also,  in  a  few  instances,  of  the  production  of  carbonate  of 
3cla.  Salt  springs,  or  licks,  occur  abundantly  in  many  geological  groups, 
nd  their  origin  is,  doubtless,  to  be  sought  in  the  decomposition  of  the  rocky 
trata.  In  certain  situations,  or  from  other  causes  than  the  chemical  com- 
>osition  of  the  deposited  mass,  a  larger  portion  of  the  saline  matter  has  been 
ncluded  in  the  rock,  whose  dissolution  gives  rise  to  salines,  or  brine  springs, 
of  great  economical  value.  The  earliest  group  in  which,'  at  this  time,  they 
are  known  to  occur,  is  that  known  as  the  Medina  sandstone,  while  in  the' 
Onondaga  salt  group,  we  have  them  in  greater  purity  and  far  more  copious, 
thus  indicating  a  larger  propoi^ion  of  saline  ingredients  in  the  strata. 

hi  attempting  to  account  for  the  presence  of  sulphuric  acid  in  the  strata, 
^<;  may  r-easonably  suppose  that,  in  some  instances,  the  decomposition  of 
animal  remains  has  given  rise  to  the  sulphur,  while  its  existence  in  the 
^^aters  of  the  ancient  ocean,  even  before  the  advent  of  animal  life,  may, 
'^'so,  have  been  one  of  the  sources  from  which  it  was  derived." 


ECONOMICAL    APPLICATION    OF   THE    LIMESTONES. 

For  Calcination  info  Lime. —  That  portion  of  the  district  which  was 
especially  the  subject  of  Part  I.  of  this  report,  is,  for  the  most  ^^TV,^c&>L\\NiXA 
^f  the  materials  hr  makiDg  quick-iime.     The  only  IocslVyI^  VhXjSlcV  tw^"^  \i«: 
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said  to  be  at  all  near  to  the  copper  region^  is  that  described  by  us  in  Part 
I.,  page  117.     This  limestone  is  highly  magnesian,  but  quite  free  from  sili- 
cious  matter,  and  would  furnish  good  lime.     It  will,  however,  for  a  long 
time,  at  least,  be  more  convenient  to  bring  lime  from  the  islands  and  vicinity 
of  the  St.  Mary's  river,  where  the  limestones  are  directly  on  the  waters* 
edge,  than  to  construct  a  road  of  ten  or  twelve  miles  in  length,  to  the  de- 
posit west  of  L'Anse.     For  want  of  a  better  material,  the  mining  com- 
panies on  Keweenaw  Point  have  occasionally  resorted  to  the  somewhat  ex- 
pensive method  of  mining  the  veins  of  calc-spar  in  the  conglomerate,  for 
the  purpose  of  getting  a  material  to  calcine  into  lime.     One  or  two  instances 
have  come  to  our  knowledge,  where  they  have   even   had    recourse   to 
pickinjg  up  the  limestone  pebbles  on  the  lake-beaches,  for  this  purpose.    It 
IS  evident  that,  when  once  a  canal  has  been  built  around  the  falls  at  the 
Saut,  it  will  be  much  less  expensive  than  it  now  is  to  procure  lime  from  the 
kilns  of  the  St.  Mary's  river. 

Throughout  the  whole  of  the  district  which  borders  on  the  St.  Mary's 
river  and  Lakes  Huron  and  Michigan,  there  is  an  abundance  of  limestone 
suitable  for  calcination.  The  Niagara  limestone  is  that  which  is  most  com- 
monly exposed  on  the  lake-shore,  and  which  has  hitherto  furnished  the 
principal  part  of  the  lime  used  in  that  region.  Kilns  exist  on  Lime  island, 
at  the  Detour,  and  at  other  places.  The  above  analyses  of  the  limestone  of 
the  Pentamerus  beds  of  this  group,  show  that  they  consist  of  an  almost  che- 
mically pure  dolomite,  well  adapted  to  burning  into  lime.  The  mag- 
nesia is  not  detrimental  to  the  mortar,  but  displaces  a  portion  of  the  sand 
which  would  be  required,  were  the  material  used  a  chemically  pure  carbo- 
nate of  lime.  The  coralline  beds  of  this  group,  when  not  silicious  —  and 
this  is  the  case  with  the  upper  part  of  the  group — furnish  lime  of  an  ex- 
cellent quality.  Large  quantities  might  be  furnished,  at  numerous  points, 
along  the  lake-shore. 

Hydraulic  Cement. —  Many  of  the  lower,  thin-bedded  portions  of  the 
Clinton  group  are  well  adapted  to  making  hydraulic  cement ;  and,  whenever 
there  shall  exist  a  demand  for  this  substance  in  this  region,  it  may  be  pro- 
cured here  in  unlimited  quantity. 

Building  Materials. —  The  value  of  the  limestones  of  the  Niagara  group 
for  the  purposes  of  construction,  has  been  tested  throughout  western  New 
York  and  Canada  West.  The  locks  and  other  structures  on  the  western 
part  of  the  Erie  and  Welland  canals,  are  good  examples  of  the  durability 
of  this  limestone,  and  its  adaptation  to  such  works. 

It  has  been  determined  by  careful  experiments,  made  in  England,  espe^ 
cially  with  a  view  to  the  selection  of  the  material  for  the  new  houses  of 
Parliament,  that  those  limestones  are  most  durable,  and  best  in   everjT 
respect,  in  which  the  lime  and  magnesia  exist  in  the  proportion  required  to 
form  a  proper  dolomite.     This  is  the  case  with  a  large  part  of  the  bed^ 
of  the  Niagara  group  in  this  district,  and,  hence,  we  should  conclude  tb^-"* 
they  would  furnish  a  durable  building  stone.    They  also  contain  but  a  vevy 
minute  portion  of  soluble  salts,  or  of  protoxide  of  iron,  which  are  generally? 
allowed  to  be  detrimental  to   the  durability  and   beauty  of  a  materia ^ 
intended  for  architectural  purposes. 

A  large  portion  of  the  lower  limestones,  especially  of  the  Trenton  groups 
will  also  be  found  available  for  the  same  purposes.     The  limestone  of  thi^ 
group,  at  the  mouth  of  the  Escanaba,  may  be  instanced  as  a  good  locality 
wr  a  durable  buiJding  material. 
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ORES  AND  OTHER  SUBSTANCES  OF  ECONOMICAL  VALUE. 

Traces  of  copper  are  not  unfrequent  in  the  sandstone,  even  at  a  distance 
)m  the  trappean  belts  ;  but  there  is  no  reason  to  suppose  that  there  are 
V  metallic  veins  of  any  value,  either  in  the  sandstones  or  lunestones  of  the 
laeozoic  series  in  our  district. 

With  regard  to  the  occurrence  of  ores  of  lead  and  other  metals,  in  the 
iithern  portion  of  the  district,  Mr.  Whittlesey  makes  the  following 
narks : 

**  From  the  general  belief  which  prevails  among  those  residing  on  the 
ofes  of  Green  Bay,  and  the  numerous  rumors  afloat  respecting  the  ex- 
ence  of  lead,  copper  and  silver,  an  explorer  in  that  quarter  would  be  led 
indulge  in  high  hopes  of  success. 

Many  of  the  supposed  metals,  on  inquiry,  are  found  to  exist  only  in  the 
jries  of  Indians,  who  are  fond  of  telling  marvellous  things,  and  ever 
ady  to  feed  the  credulity  of  the  whites.  There  are,  however,  well-au- 
enticated  cases  of  the  occurrence  of  lead,  copper,  and  silver ;  but  these 
ve,  for  the  most  part,  been  traced  directly  to  the  drift.  As  it  is  now 
tiled  that  the  force,  whatever  it  was,  which  denuded  the  country  and 
msported  the  blocks  of  rocks  and  the  beds  of  sand  and  clay,  acted  from 
e  north  towards  the  south,  it  follows,  that  the  ores  which  exist  at  the 
rth  would  be  found  in  the  detritus  at  the  south.  Blocks  of  native  cop- 
r,  according  to  Mr.  Lapham,  have  been  found  in  Wisconsin  as  far  south 
Milwaukee  and  Racine ;  and,  according  to  Mr.  Bela  Hubbard,  as  far 
uth  as  the  county  of  Berrien,  in  the  state  of  Michigan.  We  saw  almost 
ery  mile  along  the  northern  shore  of  Lake  Michigan,  fine  illustrations  of 
is  transporting  power,  in  the  rolled  pieces  of  magnetic  and  specular  iron 
e  scattered  along  the  beach,  from  Drummond's  island  to  Green  Bay.  They 
ried  in  weight  from  a  few  grains  to  two  or  three  hundred  pounds. 
The  Galena  limestone  in  Wisconsin  and  Iowa  is  richly  impregnated  with 
id-  The  reported  occurrence  of  this  metal  in  the  sandstone  oi  the  Oconto 
id  Peshetego  rivers  is  imdoubtedly  true,  as  it  occurs,  under  similar  condi- 
)ns,  farther  west ;  but  not  in  such  quantities  as  to  give  encouragement  to 
ining  enterprise.  It  exists,  also,  in  some  of  the  Silurian  groups  which  form 
le  coast  of  Lake  Michigan,  from  Great  Bay  des  Noquets  to  Seul  Choix. 
he  same  rocks  appear  on  the  west  shore  of  the  lake,  and  on  the  east  coast 
r  Green  Bay ;  and,  according  to  Mr.  Lapham,  in  their  south-westerly  ex- 
insion,  connect  in  the  valley  of  Rock  river  with  the  true  lead-bearing 
Dcks  of  Wisconsin  and  Iowa.  East  of  Rock  river,  they  have  not  as  yet 
een  found  to  contain  any  productive  veins.  They  lack  that  frequency, 
penness  and  regularity  of  fissure  which  seem  essential  to  valuable  deposits. 

Fragments  of  lead  may  also  have  been  distributed  over  portions  of  the 
lorth-west  by  means  of  the  Indians ;  for,  it  is  well  known  that  they  were  in 
he  habit  of  resorting  to  the  mines  and  procuring  specimens  for  traffic,  long 
before  the  whites  took  possession  of  the  country.  I  have  seen  specimens  a 
ew  inches  in  diameter,  perfectly  angular,  three  hundred  miles  from  the 
*arent  source,  which  were  thus  distributed  by  the  agency  of  the  red  man. 
■loat  mineral,  or  that  dispersed  by  the.  drift,  is  invariably  rolled  and  water- 
^om.  Its  presence  is  to  be  regarded  merely  as  an  inducement  to  search, 
^nd  not  as  conclusive  evidence  that  the  parent  bed  exists  in  the  \\ciNL\75 »" 

Gypsum. — Below  the  limestone  of  Mackinac,  a&  6bseT\^dL\>^^i*\^\i\V 
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tlesey,  there  is  a  marly  bed  about  fifty  feet  in  thickness  which  contains 
gypsum.  It  is  generally  of  a  brown  cist,  with  spots  of  white  ;  and,  no 
doubt,  exists  in  large  quantities.  The  northern  out-crop  of  this  bed  is  not 
very  broad,  and  would  be  represented  on  the  map  by  a  curved  line  from 
St.  Martin's  island,  extending  back  from  St.  Ignace  and  Gros  Cap  and  inter- 
secting the  lake  at  Pointe  aux  Chenes.  It  ^oes  not  everywhere  contain 
gj'psum,  but  incloses  this  mineral  in  the  form  of  nests,  or  irregidar  patches. 

It  has  been  quarried  at  Pointe  aux  Chenes.  In  the  shoal  water  around 
St.  Martin's  island,  when  the  lake  is  low  and  tranquil,  it  may  be  picked  up 
in  blocks  of  fifty  or  sixty  pounds  weight.  Much  of  it  is  impure,  being  more 
cr  less  mixed  with  carbonate  of  lime. 

If  a  search  were  to  be  made  for  workable  beds,  the  best  mode  would  be 
to  find  the  marly  stratum,  where  it  emerges  from  the  lower  surface  of  the 
breccidted  limestone,  and  there  bore  through  it,  examining  the  borings  with 
care  for  gypsum.  As  this  substance  may  not  be  readily  recognized  in  a 
pulverized  state,  by  the  ordinary  observer,  we  give  the  most  obvious  tests: 
On  the  application  of  sulphuric,  or  nitric  acid,  no  effervescence  takes  place; 
whereas,  with  carbonate  of  lime,  it  does.  When  exposed  on  red-hot  coals, 
it  decrepitates,  becomes  wr.ite  and  sj)lits  into  brittle  plates.  At  a  tempera- 
ture of  about  400°  F.,  the  v;aler  of  com])ination  escapes,  attended  with 
ebullition. 

The  presence  of  ten  or  twc^lve  per  cent,  of  carbonate  ot  lime  improves  its 
quality.  Used  as  a  mortar,  it  becomes  more  adhesive,  and  stucco  work', 
executed  in  this  manner   becomes  firmer  and  more  durable. 

Geologically,  the  position  of  this  gypsum  corresponds'with  that  of  San- 
Husky  Bay,  Ohio,  and  that  of  Grand  river,  Canada. 
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CHAPTER  Xm. 

JPTION  OF  NEW,  OR  RARE  SPECIES  OF  FOSSILS,  FROM  THE 

PALAEOZOIC  SERIES. 

BT  Ji-MES  ^AI.L. 

^osstls  from  the  Potsdam  and  Caldferous  Sandstone. —  From  the 
,  Birds-eye^  and  Black-river  Limestones,  and  the  Hudson-river 
, —  From  the  Clinton  Group, —  From  the  J^iagara  Crroup, —  From 
>per  Helderberg  Series. —  List  of  Organic  Remains. —  General 
ks. 

POTSDAM  AND  CALCIFEROUS  SANDSTONES. 

indstone  on  Lake  Superior,  so  far  as  we  have  been  able  to  observe, 
lly  destitute  of  fossils.  It  is  true,  the  incoherent  character  of 
this  rock,  alon^^  the  southern  shore,  would,  in  some  degree,  pre- 
recognition  of  the  small  shells  of  the  Lingula,  which  is  the  pre- 
•ssil  of  the  same  formation  in  other  rej^ions. 

5,  Mr.  Forrest  Shepherd  brought  from  Tequamenon  Bay,  two  speci- 
landstone  containing  Lingute.  The  rock  was  composed  of  rounded 
quartz,  cemented  by  calcareous  matter,  having  the  appearance  ot 
d  corresponding,  in  general  appearance,  with  the  upper  part  of  the 
,  in  other  localities.  In  a  small  fragment  were  parts  of  five  sepa- 
es  of  Lingula,  two  of  them  nearly  entire.  The  form  of  the  entire 
Dund-obovate,  and  more  elongated  in  proportion  to  its  breadth  than 
ary  specimens  of  L,  prima  from  the  same  sandstone  in  New  York, 
less,  I  am  not  prepared  to  describe  it  as  a  distinct  species.  A 
)mparison  of  specimens  shows  that  the  shell  is  very  variable  in  the 
ns  of  length  and  breadth. 

parison  of  these  specimens  from  Tequamenon  Bay,  ^vith  the  round 
m  the  St.  Croix,  shows  such  a  close  similarity,  that  I  have  little 
1  in  regarding  it  as  the  same  species.  A  careiul  measurement  of  a 
)f  forms  shows  that  the  proportion  between  length  and  breadth  is 
y^ing ;  in  some  cases  the  length  is  equal  to  the  breadth ;  in  others 
h  to  one-third  greater.  Externally,  the  shell  shows  distinct,  con- 
;rife,  and,  sometimes,  faint,  longitudinal  striae ;  the  latter  becoming 
tinct  in  the  cast,  or  where  the  external  shell  has  exfoliated  ;  and, 
instances,  they  are  very  prominent.  This  is  decidedly  a  variable 
*,  both  as  shown  on  the  casts,  and  upon  the  interior  of  the  shell ; 
IT  often  appearing  quite  smooth,  perhaps  from  accidental  causes. 
lens  from  the  Escanaba  river,  in  the  lower  part  of  the  calciferous 
e,  resepible,  in  all  of  their  important  characters,  those  from 
•non  Bay.  From  the  comparison  of  specimens,  I  am  inclined  to 
these  in  one  species,  which,  in  its  wide  distribution,  and  in  more  or 
rable  situations,  has  undergone  considerable  changes ;  but  showing 
perfect  development  in  the  calcareous  beds  on  the  St.  Croix  river, 
e  crowded  with  the  valves  of  this  species,  and  another  so  closely 
ng  the  L.  antiqua,  that  I  have  not  found  characters  to  warrant  the 
m. 
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From  the  number  of  individuals  occurring  in  the  small  fragment,  from 
Tequamenon  Bay,  it  is  evident  that,  at  that  point,  the  rock  was  highly 
charged  with  these  forms  of  organic  life.     These  were  not  generally  distri- 
buted, but  restricted  to  particular  layers  of  greater  or  less  vertical  rang^. 

In  the  almost  purely  quartzose  beds,  as  for  instance,  in  New  York,  it  i^ 
difficult  to  ascertain  their  true  form,  or  proportions ;  but,  as  the  beds  becom*^ 
more  calcareous,  the  shells  acquire  greater  dimensions,  and  are  far  bett 
preserved,  both  in  their  outlines  and  their  external  markings. 


LiNGULA  PRIMA. 

Plate  XXni.,  figure  1,  a,  6,  c,  d,  e,  jf,  g. 
LingtUa  prima  Conrad,  Palaeont.  N.  Y.  Vol.  I.  p.  3,  Plate  I.,  figure  2. 


Shell  round,  or  roundish,  obovate;  beak  obtuse;  umbo  elevated;  base 
rounded,  or  sub-truncate ;  surface  marked  by  close  concentric  stris,  and, 
at  wider  intervals,  with  more  prominent  lines  of  growth ;  longitudinal  stria 
more  or  less  distinct,  often  scarcely  visible  on  the  exterior  of  the  shell; 
muscular  impression. 

The  form  of  the  shell  is  often  altered  by  the  sides  being  more  or  less 
rounded,  and  sometimes  nearly  straight,  from  the  broad  base  to  the  obtuse 
beak.  In  many  instances  in  the  Isew  York  specimens,  the  longitudinal 
strise  are  more  prominent  than  the  concentric  ones ;  but,  in  a  larger  number 
of  specimens,  procured  since  my  description  of  the  New  York  specimens 
was  written,  I  find  this  character  extremely  variable,  and,  in  some  of  them, 
scarcely  visible. 

Some  of  the  illustrations  in  Plate  XXIII.  are  drawn  from  specimens  col- 
lected by  myself  on  the  St.  Croix  river.  These,  together  with  those  pre- 
viously given,  will  enable  the  collector  to  form  a  correct  opinion  of  the 
characters  of  this  widely-distributed  species  in  the  oldest  fossiliferous  rock. 

Fig.  1.  a,  Specimen  from  Tequamenon  Bay,  form,  obovate. 

Fig.  1.  b,  Specimen  from  the  Escandba  river,  having  a  form  similar  to  that  from  Tequar- 

menen  Bay. 
Fig.  1.  Cf  dy  Similar  fbrms  from  the  St.  Croix  river. 
Fig.  1.  «,  Ather  form  of  this  species. 
Fig.  1%  /,  gy  Muscniar  impressions  on  two  valves. 


LiNGULA  ANTiqUA. 

Plate  XXIII.,  figure  2,  a,  6,  c. 
Lingula  anhqua  Hall,  Palaeont.  N.  Y.  Vol.  I.  p.  3,  Plate  I.,  figure  3,  a,  ^' 


'i'he  specimens  from  the  Potsdam  sandstone  in  the  North-west,  wl:^^ 
roiipircd  with  those  from  New  York,  prove  so  similar  to  this  species,  tba^ 
/  can  only  regard  it  as  the  same,  but  developed  under  more  favorable  cir- 
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njtnstances.  The  great  number  of  well-preserved  specimens  enables  us  to 
ndicate  its  character  and  form,  more  fully  than  the  ininorfcct  specimens 
lescribed  in  the  New  York  Palaeontology.  The  a  Lit  nee  (  f  longitudinal 
striae,  in  the  specimens  described,  is  owing  te  the  imperfectioi.  of  the  speci- 
nens;  but  there  are  other  specimens  from  New  York  whicli  exhibit  this 
character  in  as  marked  a  decree  as  those  from  the  North-west.  In  many 
:>f  the  latter,  the  width-  at  the  base,  is  proportionally  greater  than  in  those 
)f  Newr  York,  and,  in  the  same  individuals,  the  beak  is  proportionally  more 
extended.  We  have,  thus  far,  comparatively  few  specuuens  from  New 
ifork,  and,  until  we  possess  more  extensive  collections,  the  proper  com- 
parisons for  determining  the  question  can  scarcely  be  made.  * 

I 

Fig.  2.  a,  6,  cy  Different  individuals,  showing  a  variety  of  forms. 

In  connection  with  the  Lingulae  on  the  Escanaba  river,  I  collected  a 
number  of  obscurely  pointed,  triangular  bodies,  like  those  described  in  the 
Palaeontology  of  New  York  as  TheccB?  They  are,  however,  too  indefinite 
to  be  described  with  any  advantage  at  the  present  time. 


TBILOBITES    OF    THE    POTSDAM    SANDSTONE. 


In  the  Lake  Superior  district,  the  only  fossils  seen  in  the  Potsdam  sand- 
stone, in  addition  to  those  just  described,  are  the  fragiiients  of  one  or  more 
species  of  Trilobites,  which  were  found  on  the  Menoraonee  river.  These 
have  the  characters  of  the  Ogygia^  or  Brontes  ;  but  those  in  the  j)osscssiou 
of  the  survey,  are  too  imperfect  to  admit  of  a  satisfactory  determination. 
A  farther  examination  of  the  prolongation  of  this  sandstone  across  the  in- 
terval between  Lake  Michigan  and  the  Mississippi  and  St.  Croix  rivers,  has 
resulted  in  satisfying  us  that  the  sandstones  of  the  two  termini  are  identical 
in  age,  and  the  Trilobites  speciScally  the  same. 

These  facts  increase  the  interest  of  these  specimens,  and  svgpjest  the  hope 
that  we  may  yet  find  Crustaceans  in  more  eastern  localities.* 

With  the  above  suggestions,  as  to  the  relations  of  the  genus  figured,  I 
adopt  the  name  proposed  by  Dr.  Owen,  presuming  that  the  specimens  col- 
lected by  him  warrant  the  establishment  of  a  new  genus. 


DiKBLLACEPHALus,  D.  D.  Owen. 

Plate  XXIIL,  fig.  3,  a,  6,  c,  d,  c,  and  fig.  4. 
The  fragments  in  our  possession  do  not  admit  of  a  complete  description 

•  I  have  recently  received  from  Professor  Adams,  of  Amhdrst,  specimens  of  partially 
metamorphosed  sandstone  from  Salisbuiy,  Yt.,  which  lie  regards  as  the  equivalent  of  tho 
Potsdam.  The  specimens  have  all  of  tho  characters  of  the  purely  quartzose  variety  of  this 
rock,  and  contain  fragmeata  of  crinoidal  columns,  and  casts  of  an  acephalous  bivalve,  simi- 
lar to  Modiolopsis. 

Such  ftcts  are  highly  interesting^,  and  promise  important  results  for  the  frituro.  Since, 
however,  no  known  fossils  of  the  i'otsdam  sandstone  occur  with  those  just  mentioned^  it  t%» 
quires  a  careftil  fcmtiiiy  to  dotennine  the  age  of  the  rock  in  9itu% 


(lis  fossil.     The  checks  are  pwijccted  posterim. 
liagment,  a  line,  which  may  nave  bepn  the  facial  sutuWi^w.*^. 
gin  just  within  the  angle.     The  spiiics  are  long)  gradually  curving  M»>- 
tning  round  towards  the  extremity.     The  surface  is  marked  by  strong 
uted  sti'iffi  ;  caudal  shield  semicircular,  the  axis  prominent  and  obtusely 
•  ciii,  extending  about  two-thirds  the  length,  marked  by  five  distinct 
;s ;  in  the  cast,  there  may  have  been  six  or  seven  in  the  outer-crust ; 
ral  lobe,  with  seven  ridges,  four  of  which  may  be  called  bifiircations 
he  second  and  third,  which  are  simple  in  their  origin ;  margin  flat,  or 
[  cssed  just  within  the  margin. 

"lie  margin  is  4)roken  off,  and  its  original  extent  not  precisely  defined : 
e  faint  regains  of  strife  are  preserved  ;  but,  from  the  friable  nature  of 
rfjck,  it  is  impossible  to  (.'etermine  the  character. 

(  is  very  apparent  that  there  is  a  degree  of  similarity  between  the  tail 
his  species  and  the  Ogygia  Portlockii;  but  the  ditference  b  quite  spe- 
■,  ami  the  cheek-shields  present  few  points  of  resemblance. 
'he  glabella  figured  on  the  same  plate,  fig.  4,  is  from  the  Mississippi ; 
though  the  identity  cannot  be  positively  determined  from  this  fragment, 
Ihe  fragments  of  cheek-shields  found  with  it  are  undistinguishable  from 
si>ecimens.  From  an  examination  of  these  and  other  similar  fragments, 
I  ve  been  inclined  to  refer  the  species  to  Ogygia, 

■•.  Z.  a,  b,  e,  Pragmcnla  of  the  check  Bad  the  prolonged  Bpine. 

;:;.  3.  d,  A  fragmeDt  or  one  of  the  pleuit,  ahcwing  a  groove  netriy  tht  entire  length. 

t'.  8.  I,  The  t&il  of  this  species. 

i;.  4.  A  glabeUa,  probabi;  or  the  same  speciw,  troia  the  Hiulssippi  river. 

ocality. —  On  the  Menomonee  river,  above  the  Grand  Rapids,  in  the 

;(!3m  sandstone. 


SILS     FROM    THE    CttAZY,    BlEDS-EYE,    BlaCK     BiVER,     AND    TrEMTOX  i   '* 

Limestones  and  Hudson-biver  Group.  \ 

iic  following  are  amor^  the  undescribed  and  little-known  species,  col-  V 

cd  from  these  groups ;  but  principally  from  the  two  latter.  I 

PheNOPORA  BtTJLTIPORA. 
Plate  XXIV.,  figure  1,  a,  b. 


>ond  broad,  irregularly  ramose;  branches  not  numerous, broad,  flat  and 
I ;  aurfece  marked  by  numerous  parallel  or  slightly  diverpng  rows  o( 
iiie,  roundish  oval  pores;  each  row  of  pores  separated  by  a  distinct, 
■  ated  line,  in  a  direction  parallel  to  the  axis  of  the  stripe  or  branch,  and 
?rging  ftt  the  bifurcation.  Pores,  fifteen  in  the  eighth  of  an  inch  trans- 
".ely,  and  eleven  or  twelve  in  the  same  space  longitudinally.  Width  oi 
[le,  one-half  to  three-fourths  of  an  inch, 

"lie  character  of  surface  in  this  species  is  much  like  Sticlopora;  but  it 
•  from  the  type  of  that  genus,  m  wanting  the  non-poriferous,  striated 
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dges,  and  in  the  pores  being  arranged  between  longitudinal,  elevated  lines^ 
;^hich  characters  belong  to  a  group  separated  under  tlie  above  name. — 
^cdaontology  of  JVew  xork,  vol.  2,  p.  46. 

Fig.  1.  a.  Fragment  of  a  spcciiDen  of  this  species. 
Fig.  1.  by  An  enlargement  of  the  surfkce. 

Locality. —  Banks  of  the  Escanaba  river,  below  Indian  creek,  in  the 
["renton  limestone. 

Clathropora  flabellata.  nov.  sp. 

Plate  XXIV.,  figure  2,  a,  b. 

Clathropora^  Palasont.  of  N.  Y.,  vol.  II.,  p.  159. 


Frond  expanded,  flabellate,  somewhat  plicate  towards  the  base ;  perfo- 
ated  by  numerous  roundish,  or  oval  openings  of  variable  size ;  cells  minute, 
homboid-oval,  arranged  between  obliquely  ascending  lines  or  lamina  ; 
xis  concentrically  striated  and  corrugated  around  the  perforations. 

This  species  bears  a  very  near  resemblance  to  C  frondosa  of  the  Niagara 
;roup.  In  that  one,  however,  the  frond  appears  to  be  thicker,  and  the 
lerforations  smaller  and  more  irregular.  The  cells  in  the  present  species 
ire  more  oval,  or  elongated  than  in  the  Niagara  species.  The  similarity  of 
;he  two,  however,  is  very  striking,  and  requires  a  careful  examination  to 
listinguish  between  them. 

Fig.  2.  a,  An  individual  nearly  entire,  showing  the  form  from  near  tlio  root  to  the  margiu 
on  the  upper  left-hand  side. 

?ig.  2.  h.  An  enlargement  of  the  surface. 

Locality.  —  Banks  of  the  Escan&ba  river  below  Indian  creek,  in  thb 
Trenton  limestone. 


Chjeitetes  lycoperdon* 

Plate  XXV.,  figure  1,  a,  6,  c,  d*  . 

'^^Ktetes  lycoperdon  Say,  Palaeont.  N.  Y.,  Vol.  I.  p.  64,  plate  23,  figures 

•J 

X  have  heretofore  described  this  species  as  occurring  in  hemispheric  an 
^^ase  forms ;  the  former,  in  many  instances,  graduating  into  the  latter  by 
•^^  projection  of  branches  from  a  solid,  or  spheroidal  mass.  It  is  possible 
^^^t  there  are  other  minute  branching  corals  often  confounded  with  this 
*P^cies,  since  it  requires  a  careful  exammation  to  distinguish  them.  All  of 
^^e  New  York  species,  whether  hemispherical  or  ramose,  are  smooth ;  but 
^t  the  West  and  North-west,  both  forms  become  nodose,  or  have  the  surface 
^vered  with  little  stellate  elevations.    One  of  these  has  b^u  AesK.tfe^'ii  ?yak 
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a  dbtinct  species,  and  it  may  prove  that  there  are  several,  siDce  there  is 
considerable  variety  of  surface  presented.  Under  an  ordinary  nugnifie 
however,  the  cells  all  appear  alike,  and  I  have  not  yet  been  able  to  disti 
guish  the  different  species  by  this  means. 

On  the  EscanStba  river,  where  I  observed  a  greater  number  of  the 
corals  than  at  any  other  locality  in  ths  district,  a  large  majority  of  the  sp 
cimens,  both  hemispheric  and  ramose,  have  a  nodose  or  stellate  surfac 
This  character  is  so'remarkable  as  to  deserve  notice,  since  it  appears  to  I 
peculiar  to  western  localities. 

Fig.  1.  a,  A  smalt,  bcmisplietic  specimen  of  the  natur^  al/e. 

Fif<  1.  i,  A  portion  of  the  BUrCice  sDlitrgcd,  ahowiDg  tome  of  the  elevatioDt  to  lie  Ml 
or  pitrced  only  b;  the  cells,  irhilo  others  consist  of  elevated  IwrdoiB  aronnd  a  large  cell. 
Fij.  1.  c,  d,  Tro  A'agments  of  branchiog  forms,  the  lurfice  preMnliog  the  Dodoie  chm 
ter  in  diflureot  degrees. 

Locality. —  Banks  of  the  EscanSiba  river,  two  tmles  below  the  mouth  a 
the  Indian  creek. 

ScHIZOCRINUS  NODOBU8  ? 

•A 
*"  *  Plate  XXV.,  figure  2,  a,  b,  c. 

Sckizocrinus  nodotvs,  Paljeont.  N.  Y.  Vol.  I.  p.  81,  Plate  26. 


The  columns  of  this  species  are  very  abundant  on  the  EscanSbba  ritf 
nnil  attain  a  much  larger  size  than  those  of  the  same  rock  in  New  Yff 
iinil  other  eastern  localities.     The  great  number  and  large  size  of  tf 
fraii.Tients  indicate  a  more  favorable  condition  for  the  growth  of  these  '' 
ma  Is  than  at  any  other  locality  I  have  examined.     Slabs  of  several  fa 
exttnt  are  often  thickly  covered  with  fragments,  as  represented  in  Fiffi 
Some  of  the  fragments  measured  half  an  inch  in  diameter.     Many  of  f 
either  from  age,  or  from  having  been  worn  down,  do  not  preserve  the 
upon  the  joints,  but,  in  well-preserved  specimens  of  medium  size,  th 
always  conspicuous.     Since  the  columns,  with  or  without  nodes  up 
larger  rings,  are  indiscriminately  mingled  together,  and  since  we  hi 
evidence  from  other  parts  of  the  animal  for  distinction  of  species,  I 
'heia  for  the  present  under  one  head. 

Lacality. —  The  banks  of  the  Escan&ba  river,  two  miles  below  tt 
if  Indian  creek.  , 


EcMiNOsPHjmiTEs  ?  nov.  «p. 
Plate  XXV.»  figure  3,  o,  J. 

of  this  fosnl  obtained  is  a  fragment  less  t 
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have  little  hesitation  in  referring  it  to  this  genus,  tn  the  apparent  form 
and  size  of  the  plates,  it  approaches  jB.  pomum,  but  it  is  probably  a  dis- 
tinct species  which  will  require  additional  specimens  for  its  full  elucidation. 
This  is  the  first  example,  so  far  as  I  know,  of  the  occurrence  of  this 
genus  in  our  strata.*  Whenever  the  region,  where  this  was  found,  becomes 
more  accessible  to  explorers,  we  may  be  able  to  present  more  complete 
illustrations  of  this  and  other  species  of  the  same  family. 

Locality. —  Banks  of  the  Escanaba  river,  two  miles  below  the  mouth  of 
Indian  creek. 

CRINOIDEiE,  or  CTSTIDEiE. 

Genus* — —— ? 

Plate  XXV.,  figure  4,  a^  b,  c. 

This  body  consists  of  a  ring,  or  a  sac,  the  upper  edge  of  which  only 
appears,  composed  of  numerous  plates  joining  by  tneir  broader  edges.  Thie 
upper,  or  exposed  surface  of  the  plates  is  sculptured,  or  granulated,  convex, 
and  not  closely  joined  together  at  the  upper  angles,  presenting  the  appear- 
ance of  somewhat  quadrai^gular  tubercles ;  exterior  margin  of  each  plate 
furnished  with  a  thin,  wing-like  expansion,  marked  by  two  diverging  ridges. 

This  curious  body  is  evidently  crinoidean,  from  the  character  and  struc- 
ture of  the  plates.  The  ring  presents  an  appearance  very  similar  to  the 
row  of  plates  surrounding  the  valves  which  close  the  ovarian  aperture  in 
some  Cystideans,  but  the  number  is  far  too  great,  being,  in  one  specimen, 
twenty-nine,  and  apparently  not  less  in  the  other.  The  inner  faces  of  the 
plates,  moreover,  do  not  present  any  appearance,  as  if  for  the  attachment 
of  other  plates,  or  valves.  It  is  possible  th«t  it  may  be  the  elevated,  mar- 
ginal ring  of  some  one  of  the  sessile  crinoids,  though  the  arrangement  of 
the  plates  is  more  regular  than  in  any  species  known  to  me. 

Fig.  4.  a,  by  Two  individuals  of  this  species,  the  one  having  the  plates  nearly  one-third 

larger  than  the  other. 
I^ig.  4.  cy  An  enlargement  of  one  of  the  plates. 

Locality. —  Banks  of  the  Escanaba  river,  two  miles  below  the  mouth  of 
Indian  creek,  in  the  Trenton  limestone. 

MtJRCHtSONtA  MAJOtl*      nOV*  Bpi 

Plate  XXVI.,  figure  1,  a^  5,  c. 

Sliell  teretely  conical }  Volutions  about  six ;  lower  one  ventricose ;  upper 
^JJes  less  prominent,  and  diminishing  from  near  the  base  to  the  suture  above. 
The  specimens  are  all  casts,  and  the  external  makings  are  not  preserved 

*  The  numerous  concavo-convex  bodies  found  on  the  glades  of  Tennessee,  and  which,  at 
^  view,  appear  to  belong  to  this  genus,  ara  dilTareut  bodies,  although  X  can  r«ftix  tbeLi  to 
^  oth«r  tbiui  tome  organism  Qf  thif  Qlas«, 
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In  its  form>  it  resembles  M.  htlhcinctay  but  the  volutions  ascend  more 
rapidly  and  are  not  so  ventricose.  The  shell  attains  a  large  size  and  is 
quite  abundant. 

Fig.  1,  a,  A  specimen  of  medium  size,  nearly  entire. 
Fig.  I,  h,  A  longitudinal  section  of  a  larger  individual. 
Fig.  I.  e,  The  two  lower  volutions  of  a  large  individual 

Locality. — ^Western  shore  of  Green  Bay,  in  Trenton  limestone 

Abaphus  Barrandi.     nov.  sp. 
Plate  XXVII.,  figure  1.  a,  6,  c,  d,  and  plate  XXVIII. 


Broadly  oval ;  length  about  once  and  a  half  the  width,  (length  5|  inches 
breadth  4  inches) ;  head  semi-circular ;  the  posterior  angles  prolonged  into 
spines  which  reach  backwards  beyond  the  segments  oi  the  thorax,  upper 
surface  imbricate,  striate;  anterior  and  lateral  margins  with  an  elevated 
border;  glabella  clavate,  broad  and  prominent  towards  the  front,  depressed 
at  the  neck  and  marked  by  two  slight,  sharp,  transverse  grooves,  with  a 
slight  prominence  in  the  centre,  as  shown  in  the  cast,  above  the  neck-fur- 
row ;  eyes  large,  placed  a  little  behind  the .  middle  of  the  head  and  close 
to  the  furrow  separating  the  glabella  from  -the  cheeks ;  hypostome  arched 
at  the  base  and  deeply  crescentiform  at  the  apex,  each  horn  presenting  a 
strong,  elevated  fold  along  the  inner  margin ;  anterior  to  the  base  of  me 
horns,  is  a  strong  tubercle,  and  between  and  behind  it,  a  depression ;  thorax 
composed  of  eight  slightly-arched  articulations ;  axis  well-defined,  and  as 
broad  in  the  upper  part  as  the  length  of  the  pleurae ;  pleurae  straight  foi 
about  half  their  length,  and  from  thence  gradually  bent  downwards,  fur- 
rowed from  the  base  about  two-thirds  of  their  length  ;•  extremities  broac 
and  flat ;  tail,  nearly  semi-circular,  being  a  little  longer,  but  scarcely  nar- 
rower than  the  head,  (length  2g  inches,  width  3} J  inches);  axis  prominent 
f gradually  narrowing,  and  terminating  abruptly  at  the  flattened  margin  8 
ittle  less  than  three-fourths  the  entire  length  of  the  tail,  marked  by  about 
fifteen  ridges ;  the  lateral  lobes,  marked  with  eight  or  nine  furrows  whicl 
extend  in  the  upper  part  two- thirds,  and  in  the  lower  part  one  half,  of  th( 
width ;  the  margin  of  the  tail  broad  and  concave  ^  entire  surface  markec 
by  elevated  lines  which  ramify  and  inosculate  in  a  beautiful  manner. 

I  have  but  a  single  tolerably  perfect  specimen,  all  the  others  being 'frag* 
ments.  In  the  larger  and  nearly  entire  one,  the  upper  part  of  the  head  hai 
been  removed,  showing  the  lower  plate  vnth  the  hypostome  attached  and  in 
its  proper  place,  though  the  whole  head  appears  to  have  slipped  downwards 
so  as  partly  to  cover  the  first  articulation.  The  impression  of  the  posterioi 
spine  is  shown  extending  backward  as  far  as  opposite  the  fourth  articulatior 
of  the  axis  of  the  tail.  The  crust  is,  in  a  great  degree,  removed,  and  or 
what  remains,  the  imbricating  striae  are  coarse  and  strong.  In  other  speci- 
mens of  smaller  size,  these  striae  present  the  beautiful  appearance  described. 
The  rings  of  the  axis  of  the  tail  are  obsoletely  nodose,  there  still  remaining 
the  appearance  of  a  double  row  of  flattened  nodes  down  the  axis.  The 
number  of  furrows  in  the  axis  of  the  tail  appearg  to  be  as  many  in  tlw 
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smaller  specimens  as  in  the  larger ;  and  in  the  large  one  figured  they  are 
very  obscure,  from  compression  of  the  specimen  and  the  removal  of  the 
'crnst.  In  young  specimens  the  tail  is  very  convex,  but  in  all  of  the  larger 
3iies  it  is  flattened.  This  diflference,  however,  appears  to  be  due  to  the 
haracter  of  the  rock  in  which  the  latter  are  imbedded,  while  the  small 
ipecimens,  in  the  limestone,  preserve  their  natural  forms. 

This  species  has  considerable  resemblance  to  j?.  tyrannies  of  Murchison, 
he  most  prominent  differences  being  in  the  prolonged  spines  of  the 
iuckler,  and  the  shorter  and  proportionally  broader  tail  in  one  species. 
The  pleurae,  also,  arch  downwards  towards  the  extremities  more  than  in 
'he  figures  of  ^.  tyrannus.  The  glabella  is  proportionally  longer,  and  the 
x)rni  of  the  hypostome  different,  the  horns  at  the  extremity  presenting  a 
ffider  arch. 

Figure  1.  a,  the  glabella  and  part  of  the  cheeks  of  a  large  specimen. 

Figure  1.  6,  the  glabella,  showing  the  anterior  raised  margin,  and  the  course  of  the  facial 

suture  from  the  eye  forward. 
Figure  1.  r,  the  cheek  shield  of  a  large  individual,  showing  the  prolonged  spine,  which  is 

imperfect  at  the  extremity. 
Figure  1.  d,  the  tail  of  a  small  individual,  very  entire,  and  preserving  the  crust  over  a 

large  part  of  the  sur&cc. 
Plate  XXYIII.,  a  nearly  entire  individual  of  large  size,  the  crust  A-om  the  upper  side  ot  ihe 

head  having  been  removed. 

Geological  Position. —  I  first  noticed  this  species  in  the  limestone  of  the 
age  of  the  Birds-eye,  on  the  St.  Mary's  river.  Subsequently,  I  saw  it  in 
the  same  position  near  Plattsville,  Wisconsin,  at  a  locality  shown  me  by  the 
Rev.  John  S.  Lewis.  At  the  latter  place  it  occurs  in  a  limestone  which 
holds  the  place  of  the  Birds-eye,  possessing  many  of  its  characters,  as 
well  as  some  of  its  peculiar  fossils.  It  also  occurs  m  some  shaly  or  flaggy 
layers,  associated  with  the  thin  stratum  of  limestone,  and  in  them  the  finest 
specimens  have  been  found.  It  is  from  a  layer  of  this  kind  that  the  large 
specimen  figured  was  obtained,  by  Mr.  Pickard,  of  Plattsville.  The  litho- 
logical  character  of  this  layer  is  almost  precisely  the  same  as  some  speci- 
imsrot  Llandeilp  flags,  containing  Os^ygia  Buchii. 


Harpes  escanabij:.  nov.  sp. 
Plate  XXVn.,  figure  2,'a. 


A  single  marginal  plate,  or  shield,  of  the  head  of  this  fossil,  is  all  that 
"^fallen  under  my  observation.  The  lower  portion  is  exposed  for  about 
*^inch  on  one  side,  and  more  than  half  as  much  on  the  other.  It  gradu- 
ally diminishes  in  width  from  the  front  backwards,  and  is  marked  by 
fows  of  pores,  the  outer  and  inner  of  w^hich  are  larger  than  the  inter- 
mediate ones.  The  marginal  rows  of  pores  are  regular  and  parallel  to  the 
m^^rgin ;  of  the  intermediate  ones,  there  are  three  or  four  in  front  and  one 
*t  the  most  posterior  portion  visible. 

This  portion  of  the  fossil  bears  some  resemblance  to  H.  Doranni,  of  Port- 
ia's, but  is,  nevertheless,  a  distinct  species. 

(kological  Position. —  TreBto»  limestone,  on  tlie\)wika  oi  Xlti^'Si.^^^^sjfiia^ 
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river,  below  Indian  creek.  It  is  here  associated  with  Chateies  lycoptt' 
don,  Leptcena  aJternata,  Orthis  testudinaria,  Phacops  callicephalus,  Cerott- 
nis  phurexanthemuSy  and  many  other  fossils  of  this  group.  It  is  the  first 
example,  to  my  knowledge,  of  the  occurrence  of  a  species  of  this  genus  in 
the  lower  Silurian  strata,  and  a  genus  hitherto  imloiown  in  this  countij, 
unless,  as  I  suspect,  the  fossil  figured  and  described  by  me  as  CeraumJ 
ptistulosus  (Palaeont.,  N.  Y.,  Vol.  I.,  page  2^6)  prove  to  be  a  species  of 
Harpes,  the  crust  being  removed,  which  gives  the  pustulose  appearand. 
Should  it  prove  co  belong  to  this  genus,  it  is  still  quite  a  distinct  species 
from  the  one  now  described, 

Phacops  callicephalus. 

Plate  XXVn.,  figure  3,  a.b. 

Phacops  callicephaluSy  Palaeont.,  N.  Y.,  Vol.  I.,  p.  247. 


This  species  occurs  in  considerable  numbers  in  the  Trenton  limestone 
upon  the  Escanaba  river.  I  have  seen  only  the  separated  heads  and  tails, 
but  these  are  in  greater  numbers,  at  this  one  locality,  than  all  I  have  seen 
in  the  state  of  isew  York. 

Fig.  3.  a,  The  head  of  this  Trilobitc. 
Fig.  8.  bj  The  eye  enlarged. 

The  individuals  observed  at  this  locality  are  smaller  than  those  in  the 
same  limestone  in  New  York.  The  same  is  true  of  the  Ceraurus  plenrex- 
anthemus,  which  also  occurs  here.  It  is  probable  that  the  admixture  of 
arenaceous  matter,  while  it  does  not  appear  to  have  interfered  with  the 
production  of  species,  has  diminished  their  size.  This  fact  is  true  of  the 
Crustacea  and  Mollusca,  while  the  crinoidal  columns  are  of  a  larger  size 
than  at  any  other  locality  observed. 


Catenipora  gracilis,  nov.  bp, 
Plate  XXIX.,  figure  1,  a.  b. 


Coral  massive,  or  hemispheric ;  cells  quadrangular,  or  sub-oval ;  walls 
thin  ;  interspaces  rarely  thicker  than  the  walls ;  arranged  in  a  single  series^ 
in  wide  irregular  reticulations. 

This  species  differs  from  the  C.  eschar oides  in  the  almost  quadrangular 
form  of  the  cells  and  the  extremely  thin  walls,  the  reticulations  are  wider 
and  the  whole  aspect  less  solid  than  in  that  species.  From  C  agglcmerata^ 
it  differs  essentially  in  the  form  anu  arrangement  of  the  cells. 

Fig.  1.  a,  A  part  of  the  surface,  natural  size. 
Fig.  1.  i,  An  enlarged  portion. 

Geological  Position. — This  species  occurs  in  the  green  shales  i^eax  the 
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upper  part  of  the  Hudson-rirer  group,  and,  so  far  as  I  know,  is  the  first 
time  that  a  species  of  this  genus  has  been  found  in  the  lower  Silurian  series. 

Locality,  eastern  shore  of  Green  Bay,  Wisconsin. 

Sarcinula?  obsoleta,  nov.  sp, 
Plate  XXIX.,  figure  2,  a,  6. 

Coral  cespitose,  composed  of  irregular,  cylindrical  stems,  which  are  con- 
nected at  intervals  by  lateral  processes ;  internally  rayed  and  with  trans- 
Terse  septa  ;  externally  striated 

The  internal  structure  is  obscure,  since  both  tl^e  rays  and  septa  have  been 
removed  and  the  interior  is  empty,  or  partially  filled  with  crystalline  matter. 
This  species  occurs  in  immense  numbers,  forming,  in  some  places,  almost 
continuous  beds. 

Geological  Position, —  This  species  occurs  in  the  shales  in  the  upper  part 
of  the  Hudson-river  group,  associated  with  Catenipora gracilis.  It  forms 
continuous  layers  on  the  eastern  shore  of  Green  Bay,  above  the  entrance  to 
Sturgeon  Bay ;  also,  on  the  west  side  of  Big  Bay  des  Noquets,  where  it 
has  once  formed  a  continuous  stratum,  in  the  same  position. 

This  coral  is  of  a  type  not  observed  by  me  in  the  lower  Silurian  series  of 
New  York,  or  elsewhere. 

Being  associated  with  the  Catenipora ,  a  genus  heretofore  known  only  in* 
the  upper  Silurian  series,  the  beds  containing  these  fossils  become  of  ex- 
ceeding interest  both  to  the  geologist  and  the  palaeontologist,  for  it  will  be 
in  such  beds,  if  any,  that  he  will  trace  a  continuation,  or  passage,  of  orga- 
nic beings  from  the  lower  to  the  upper  divisions  of  the  Silurian  system. 

Fig.  2.  a,  A  longitndinal  view  of  a  group  of  thoso  stems. 
Fig.  2.  b,  A  transverse  section. 

Locality f  eastern  shore  of  Green  Bay  and  of  Big  Bay  des  Noquets 

MODIOLOPSIS    PHOLADIFORMIS,'^  HOV.  Sp. 

Plate  XXX.,  figure  1,  a,  b.  c,  and  Plate  XXXI.,  figure  1. 

Shell  oval-obovate,  elongate  ;  base  slightly  arcuate  in  the  middle ; 
convex  in  the  middle  and  compressed  towards  the  posterior  extremity; 
'inibones  prominent,  hinge-line  slightly  arched,  and,  in  some  specimens, 
nearly  straight ;  muscular  impression,  large  and  strong,  near  the  anterior 
extremity  ;  surface  marked  by  strong  folds  or  ribs,  which,  originating  on 
Ae  hinge-line,  diVerge  and  curve  gradually  downward  to  the  base. 

All  Se  specimens  of  this  peculiar  species,  which  I  have  examined,  are 
"iore  or  less  distorted,  so  that  we  may  not  be  fully  acquainted  with  the 
fonn.  The  peculiar  surface-marking,  however,  is  unmistakable,  and  in 
'^^rly  all  the  specimens  is  preserved,  in  some  degree,  in  the  casts.  There 
appears  to  be  considerable  difiexeace  in  the  sisoikoC  these  i\\)^  Va  dbSi^x^tX 
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specimens,  and  it  is  possible  that  we  have  among  them  two  species,  wMch, 
for  the  present,  however,  we  prefer  to  regard  as  one.  The  form  in  many 
specimens  is  similar  to  that  of  J\L  inodiolarisy  but  in  the  surface-markings, 
it  is  very  distinct*  In  sqme  specimens,  however,  from  the  same  locality, 
which  appear  to  belong  to  the  M.  modiolaris^  I  have  observed  concentric 
nbs  similar  to  those  in  the  species  now  described.  In  that  species, 
however,  they  appear  more  arched,  and  confined  to  the  region  of  the 
hinge-line,  gradually  losing  themselves  in  the  concentric  striffi,  and  are 
quite  obsolete  towards  the  base.  Nevertheless,  we  have  never  observed 
this  feature  in  the  New  York  specimens,  and  these  western  ones,  thus 
marked,  prove  a  distinct  st^ecies. 

Fig.  1.  a,  The  left  valve  of  a  largo  individual. 

Fig.  1.  6,  The  right  valve  of  a  smaller  individnal,  imperfect  at  the  posterior  extremity. 
Fig.  1.  r,  The  right  valve  of  an  impoifect  specimen,  with  ridges  more  closely  arranged. 
Plate  XXXT.,  Fig.  1.  Cardinal  view  of  the  individual,  fig.  1,  c,  of  the  preceding  plate. 

Geological  Position  and  Locality, —  This  species  occurs  in  the  marly 
beds,  constituting  the  higher  portions  of  the  Hudson-river  group,  on  the 
eastern  shore  of  Little  Bay  des  Noquets.  It  is  associated  with  M,  modio- 
laris  and  Ambonychia  radiata^  with  two  or  three  species  of  Orthocera- 
tites. 

MODIOLOPSIS    MODIOLARIS, 

Plate  XXXI.,  figure  2.  a,  6,  c,  d. 
Modiolopsis  modiolarisy  Palaeont.  N.  Y.,  Vol.  L,  p.  294. 


The  specimens  figured  present  the  same  variety  of  form  as  those 
described  in  the  Pal8eontology  of  New  York.  In  several  of  them,  how- 
ever, the  concentric  striae  become  strongly  marked  along  the  back  of  the 
shell,  forming,  as  in  the  preceding  species,  ridges,  or  costae.  The  distinc- 
tion between  this  and  the  preceding  species  is  readily  detected  in  tracing 
the  costae  from  the  hinge-line  towards  the  base,  the  one  continuing  distinct, 
and  terminating  along  the  lower  margin,  while,  in  the  other,  they  become 
merged  in,  and  take  the  direction  of,  the  concentric  lines  of  growth. 

It  would  be  desirable  to  compare  a  large  number  of  specimens  from 
different  localities,  in  order  to  arrive  at  an  explanation  of  these  variations 
of  character  in  what  appear  to  be  identical  species.  The  specimens  in  my 
collection  from  Cincinnati  and  Madison,  la.,  as  well  as  those  from  New 
York  and  Canada,  show  scarcely  any  evidence  of  this  character ;  and,  it  is 
not  a  little  interesting  to  observe,  that  a  locality,  afTordin^T  another  species 
80  strongly  marked,  should  also  afTord  one  simulating  the  same  cha- 
racters. 

Fig.  2.  a,  Cast  of  a  Ic  I  valve,  showing  the  muscular  impression.     The  form  is  rather 

wider  in  proportion  to  the  length  than  is  usual  in  this  species. 
Fig.  2.  b.  Cast  of  a  smaller  specimen,  showi.ig  the  strong  ridges  near  the  hinge-line. 
Fig.  2.  c,  Cardinal  view  of  ihc  same. 
^Jfi.  2.  d,  A  ^oxi  and  broad  ^nu  of  the  samQ  tpecieft* 
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Geological  Position  and  Locality. —  This  species  occurs,  with  the  pre- 
ceding, in  the  higher  marly  beds  of  the  Hudson-river  group,  on  the  east 
side  of  Little  Bay  des  Noquets. 

Ambonychia  carinata, 

Plate  XXXI.,  %ure  3. 

Ambonychia  carinata,  Palaeont.  N.  Y.,  Vol.  I.,  p.  294. 

This  species  is  abundant  and  finely  developed  on  the  eastern  shore  of 
Little  Bay  des  Noquets.  The  individuals  are  larger  than  usual,  and  their 
forms  generally  well-defined  ;  but,  owing  to  the  crumbling  nature  of  the 
rock  in  which  they  are  imbedded,  it  is  difficult  to  obtain  entire  specimens. 

CLINTON  GROCJP. 
TRACKS  AND  TRAILS  OF    VERTEBRATES  ? 

As  already  remarked,  few  characteristic  fossils  of  this  period  were  recog- 
nized in  this  district.  The  argillaceous  limestones,  which,  for  the  most 
part,  represent  this  group,  contam  few  fossils.  The  argillaceous  sandstones, 
which,  in  New  York,  represent  the  lower  portions  of  the  series,  were  ob- 
served at  only  one  place,  on  the  eastern  shore  of  Green  Bay,  particularly 
described  in  one  of  the  preceding  chapters.  The  surface  of  the  slabs  of 
this  sandstone  is  covered  with  numerous  tracks  and  trails,  made  at  the  time 
of  their  deposition,  some  of  which  differ  so  widely  from  those  hitherto 
observed,  as  to  require  a  detailed  description. 

One  of  these,  which  is  very  remarkable,  not  only  on  account  of  its  size, 
but  for  other  peculiarities,  is  represented  in  plate  XXXII.  This  track,  or 
trail,  occurs  on  the  surface  of  a  shaly  sandstone,  thinly  laminated,  indiea-^ 
ting  that  the  laminae  were  due  to  successive  depositions.  The  materials 
were  highly  comminuted,  and  deposited  in  comparatively  shoal  and  tranquil 
water,  smce  the  marks  of  the  rippling  waves  are  impressed  upon  the  slab. 
The  markings  consist  of  a  continuous  depression,  or  groove,  placed  midway 
between  a  series  of  imprints,  made  in  succession  and  at  regular  intervals, 
baving  a  uniform  character,  as  if  made  by  the  same  organs.  These  imprints 
consist  at  first,  as  seen  on  the  left  hand  side  of  the  slab,  of  a  single  series 
on  each  side  of  the  trough-like  depression,  each  one  presenting  a  duplicate. 
Ahnost  from  the  starting  point,  however,  there  are  faint  impressions  of  a 
second  series,  without  and  a  little  in  the  rear  of  the  inner  series.  These, 
farther  on,  are  observed  to  be  of  the  same  form,  but  less  distinctly  dupli- 
p^te  and  less  deeply  impressed.  For  a  part  of  the  distance,  these  outer 
^^pressions  are  quite  distinct  on  one  side,  but  for  the  remainder,  they  are 
^ble  beneath  the  superimposed  laminae  of  sandstone.  On  the  other,  or 
^ht  side  of  the  trough,  the  outer  series  is  very  indistinct,  appearing  at 
onjy  one  or  two  points,  being  entirely  obscured  by  the  deposition  of  mineral 
Matter.  The  imprints  cut  the  stone  rather  abruptly  on  the  anterior  side, 
^hile  on  the  posterior  side,  it  is  less  so,  and  behind  each  one  the  stone  is 
elevated  in  a  little  ridge,  or  node. 
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In  some  parts,  the  markings  present  the  appearance  ot  three  or  four  toe- 
like impressions,  less  deep  than  where  the  duplicate  character  is  only  per- 
ceptible. There  is  nothmg  to  indicate  the  attachment  of  long  claws,  or 
fimbriated  appendages. 

The  median  groove  is  more  shallow  in  some  parts  than  in  others,  and,  in 

this  respect,  the  foot-like  imprints  correspond  in  faintness  and  distinctness. 

The  distance  from  the  centre  of  the  median  groove  to  the  outer  margin  of 

the  second  series  is  uniformly  two  inches,  making  the  whole  width  four 

.  inches.     The  distance  of  the  imprints  from  each  other,  in  the  line  of  pro- 

Sression,  is  one  inch  and  three-sixteenths,  there  being  only  one  or  two  slight 
eviations,  in  twenty-four  of  these  steps. 

The  slab,  from  which  the  figure  is  taken,  is  three  feet  long ;  at  the  left 
side,  which  is  not  represented  m  the  figure,  the  imprints  commence  at  the 
edge, —  the  continuation  in  that  direction  being  broken  off —  where  both 
the  median  groove  and  the  foot-prints  are  slightly  impressed,  though  still 
quite  distinct.  As  they  advance  to  the  right,  they  become  more  distinct, 
but,  before  reaching  the  other  extremity  of  the  slab,  they  are  concealed  by 
layers  of  sandstone  which  cannot  be  removed.  The  course  of  the  median 
groove  is  still  perceptible  from  the  depression  of  the  laminae  above  it,  and 
there  are  even  slight  depressions  corresponding  to  the  foot-prints,  neither  of 
which  is  represented  in  the  figure.  On  this  part  of  the  stone,  covering  the 
track,  there  are  numerous  trails  and  imprints,  apparently  produced  by  or- 
ganic bodies,  but  which  are  too  obscure  to  admit  of  any  satisfactory  deter- 
mination. 

It  is  very  evident  from  an  inspection  of  these  impressions,  that  they  have 
been  made  by  some  animal  in  voluntary  motion ;  and  it  would  appear  as  if 
in  the  direction  from  lefl  to  right,  for  the  reason  already  given. 

When,  however,  we  would  offer  an  opinion,  as  to  the  nature  of  an  animal 
producing  such  a  track  upon  the  surface  of  an  oceanic,  or  estuary  beach,  it 
becomes  a  subject  of  no  little  difficulty.  From  all  the  previous  facts  in 
our  possession  as  to  the  character  of  the  fauna  which  existed  at  this  period, 
our  preconceived  notions  are  strongly  opposed  to  the  admission  of  the  exist- 
ence, at  this  period,  of  quadrupedal  animals,  contemporaneous  with  corals, 
crinoids,  mollusks,  and  crustaceans,  and  the  rare  occurrence  of  fishes,  as 
indicated  in  a  few  and  ill-preserved  fragments  of  ichthyodorulites. 

We  have  already  been  made  aware  of  the  trails  of  mollusks,  during  this 
epoch,  which  have  been  preserved  on  the  surface  of  the  rocky  strata ;  and 
there  are  others  which  may  have  been  made  by  plana rian  worms,  the  bodies 
of  which  may  not  have  been  preserved.  I  have  also  described  other  tracks 
like  imprints,  possessing  toe-like  impressions,  which  possibly  may  have  been 
made  by  fishes.  The  impression  under  consideration,  however,  has  a  cha- 
racter differing  widely  from  all  the  former,  and  only,  in  some  degree,  allied 
to  the  latter% 

If  we  were,  for  a  moment,  to  regard  this  track  as  having  been  produced 
by  an  articulated  animal,  with  an  elongated  body,  and  possessing  lateral 
appendages,  capable  of  making  a  double  series  of  lateral  imprints,  we 
must  first  compare  them  with  those  made  by  similar  animals,  before  we 
can  become  satisfied  that  such  was  their  origin.  In  all  of*  the  trails  I 
have  seen,  which  could  be  referred  to  mollusks,  or  to  planarian  worms, 
whether  made  by  Existing  worms,  or  by  those  which  have  left  their  impres- 
sions on  the  rocky  strata,  there  is  positive  evidence  of  the  body  having 
been  pushed  forward  through  the  superficial  sand^  or  mud,  since  there  ii 
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raised  up,  on  each  side  of  the  groove,  a  ridge  continuous  with  the  groove 
itself.  In  instances  where  these  evidences  of  lateral  appendages  arc 
observed,  they  have  marked,  at  close  intervals,  the  adjoining  surface.  In 
the  present  instance,  the  shallow  groove  is  not  lined  with  a  ridge,  as  in 
those  just  mentioned,  but  appears  to  have  been  produced  by  a  body  drawn 
over  the  surface,  while  the  anterior  extremity  was  elevated  above  that 
level,  and  J  consequently,  none  of  the  mud,  or  sand,  has  been  pushed  out. 
of  the  track  to  accommodate  the  animal.  The  lateral  appendages,  there- 
fore, of  whatever  nature  they  may  have  been,  may  be  presumed  to  have 
elevated  the  anterior  portion  of  the  body  above  the  surface.  These 
appendages,  also,  were  of  sufficient  strength  and  power  to  bear  the  weight 
of  the  body  upon  their  extremities,  as  shown  from  the  impressions  bemg 
firm,  decided,  and  shows  their  depth  that  they  were  supporting  a  body  of 
considerable  weight,  while  the  interval  between  the  extremities  and  the 
junction  with  the  body  is  clearly  raised  above  the  surface,  and  produces 
no  imprmt. 

Such,  then,  are  some  of  the  facts  which  ought  to  be  regarded  in  forming 
an  opinion  of  the  animal  by  which  these  tracks  were  made.  Whatever 
may  have  been  our  preconceived  opinions,  we  find  none  of  the  characters, 
pertaining  to  this  track,  resembling  those ^  of  known  articulated  animals ; 
and,  if  we  would  suppose  that  there  may  be  large  articulated  animals 
capable  of  producing  such  impressions,  it  appears  to  me  that  we  have, 
moreover,  to  suppose  them  provided  with  few — no  more  than  four — lateral 
appendages  for  locomotion,  and  that  they  were,  by  these,  capable  of 
raising  their  bodies  partially  above  the  surface,  and  of  moving  by  steps, 
instead  of  the  gradually  advancing  motion  characteristic  of  those  animals 
of  this  class  with  which  we  are  acquainted. 

I  have  made  these  observations  for  the  purpose  of  presenting  the  facts 
in  as  clear  a  light  as  possible,  and  would  cheerfully  adopt  an  explanation 
which  would  satisfactorily  refer  these  peculiar  marliings  to  an  articulated 
hody  with  the  usual  appendages.  It  now  becomes  important  to  find  out 
the  nature  of  the  animals  capable  of  making  such  tracks  as  these  and 
others,  which  flourished  during  this  period. 

In  doubting  that  they  were  made  by  articulated  animals,  I  have  been 
wholly  uninfluenced  by  the  opinion  of  Professor  Richard  Owen,  with 
^gard  to  the  nature  of  the  tracks  found  in  the  Potsdam  sandstone  of 
Canada 

If  we  admit  the  existence  of  quadrupedal  (chelonia^)  animals,  during  the 
Period  of  the  Potsdam  sandstone,  w^e  should  find  less  difficulty  in  supposing 
that  they  flourished  during  the  deposition  of  the  Clinton  group.  It  must  be 
remembered,  however,  that  every  step  in  the  progress  of  geology  has  shown 
the  occurrence  of  the  remains  of  higher  orders  of  animals  in  deposits  of  an 
earlier  date  than  we  had  a  right  to  infer  that  they  existed ;  and,  although 
discoveries  of  this  kind  were,  on  their  first  announcement,  received  with  in- 
credulity, yet  ultimately  geologists  were  compelled  to  yield  to  the  force  of 
the  evidence.  It  is  not  long  since  it  was  supposed  that  the  mammalia  did 
^ot extend  below  the  tertiary;  subsequently,  they  were  found  in  the  lias, 
?nd  now,  it  would  appear,  they  extend  as  low  as  the  keuper.  The  tracks 
^  the  sandstone  of  the  Connecticut  valley  are  now  admitted  to  have 
^  made  by  birds ;  but  for  a  long  time  the  evidence  was  regarded  with 
'listnist.  The  remains  of  air-breathing  animals  have  now  been  found  as 
low  as  the  coal,  and  the  tracTcs  of  supposed  reptiliaia  1oe\o\«  ^W.  X^'i  ^^^^ 
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seams.*  The  ripple-marks  and  mud-cracks  even  so  low  as  the  Potsdam 
sandstone  and  the  evidence  of  beaches  in  a  higher  position  prepare  us  to 
admit  that  there  may  have  been  conditions  possible,  at  least,  for  the  exist- 
ence of  air-breathing  animals,  even  during  these  lower  Silurian  epochs. 

The  tracks  here  described  bear  a  strong  resemblance  to  those  found  in  the 
Potsdam  sandstone,  in  the  village  of  Beauharnois,  on  the  south  side  of  the 
St.  Lawrence,  twenty  miles  above  Montreal,  by  Mr.  Logan,  the  director  of 
the  Canada  survey .f  Its  similarity  has  also  been  recognized  by  Mr.  Hunt, 
of  the  Canada  survey,  who  is  familiar  with  the  specimens  collected  by  Mr. 
Logan. 

It  would  appear  highly  probable,  that  the  track  in  the  Clinton  group  was 
made  by  an  animal  of  the  same  class  as  that  in  the  Potsdam  sandstone,  at  a 
time  when  similar  conditions  prevailed  in  the  palaeozoic  ocean,  and  when, 
in  some  degree,  it  was  tenanted  by  similar  organic  forms,  the  Lingula  being 
the  prevailmg  fossil  at  both  periods. 

•  Mr.  Logan  was  the  first  to  announce  the  occurrence  of  foot-marks  in  the  coal  measures 
of  Nova  Scotia,  which  appeared  to  Professor  Owen  to  belong  to  some  unknown  reptile. 

In  1844,  Dr.  King,  of  Greensburg,  Pa.-,  announc^  to  the  Academy  of  Natural  Sciences, 
the  occurrence,  in  the  coal  measures  of  that  stale,  of  the  tracks  of  two  Saurian  reptiles. 
Lyell  subsequently  visited  the  locality,  and  coniiidercd  them  as  belonging  to  the  genua 
Cheiritheroitm. 

In  1850,  Mr  Lea,  of  Philadelphia,  announced  to  the  Academy  of  Natural  Sciences,  tbe 
discovery  of  the  foot-prints  in  bas  relief,  of  a  reptilian  quadruped,  lower  in  the  Beries  than 
had  before  been  observed,  which  he  provisionally  named  Sauropus  primevus.  They  occurred 
in  a  gorge  of  Sharp  mountain,  near  Pottsville,  Pennsylvania,  in  the  red  shale,  or  number 
eleven  of  Professor  Rogors's  classification.  The  position  of  these  foot-marks  is  about  8500 
feet  below  the  upper  part  of  the  coal  formation,  which  there  is  6750  feet  thick. 

Within  the  present  year  (1851),  Professor  Rogers  has  found,  in  the  same  basin,  similar 
tracks  to  those  described  by  Mr.  Lea,  as  well  as  another  set  of  smaller  ones,  reptihan  in 
character,  several  hundred  feet  lower  in  the  series.  F.  &  TV. 

t  Professor  Owen,  of  the  Royal  College  of  Surgeons,  who  examined  a  slab  of  these  sand- 
stones, on  the  upper  surface  of  which  the  foot-prints  are  impressed,  and  a  plaster  cast  of  the 
remainder  of  the  continuous  trail,  in  all  twelve  and  a  half  feet  long,  brought  to  London  by 
Mr.  Logan,  has  communicated  to  Sir  Charles  Lyell  the  Ibllowing  description,  which  tl»e 
latter  incorporated  into  his  anniversary  address,  (February  1851.) 

«  The  impressions  are  more  numerous  in  regular  succession  than  any  that  have  been  pre- 
viously discovered ;  so  that  the  evidence  of  their  h.ivinp^  been  made  by  successive  steps* 
afforded  by  the  succession  of  corresponding  prints  at  rciTnlar  intervals,  is  the  strongest  we 
possess.  They  arc  in  pairs,  and  the  pairs  extend  in  two  ]>arallcl  linear  scries  with  a  groove 
midway  between  the  two  scries.  The  outer  impression  o;  t  ach  pair  is  the  largest,  and  it  is  » 
little  behind  the  inner  one.  Both  are  short  and  broad,  ^\i^h  focble  indications  of  division* 
at  their  fore-part  —  they  succeed  each  other  at  intervals  much  shorter  than  that  between 
the  right  and  left  pair. 

« The  median  groove  is  well-defined,  and  slopes  down  more  steeply  at  its  sides,  than 
towards  its  bottom,  at  some  parts  of  the  track.    I  conclude,  from  these  characters,  that  the  ani- 
mal which  left  the  track  was  a  quadruped,  with  the  hind-feet  larger  and  farther  apart  than  the 
fore-feet;  with  both  hind  and  fore-feet  very  short,  or  impeded  by  some  other  part  of  the  ani- 
mal's stnicture  from  making  any  but  short  steps ;  that  the  fore  and  hind  limbs  were  very  near 
each  other,  but  that  the  limbs  of  the  right  and  those  of  the  left  side  were  wider  apart ;  conse- 
quently, that  the  aniiiial  had  a  short,  but  broad  trunk,  supported  on  limbs,  either  short,  or 
capable  of  only  short  steps ;  and  that  its  feet  were  rounded  and  stumpy,  without  long  claws. 
As  to  the  median  impression,  that  may  be  due  either  to  a  thick,  heavy  tail,  or  to  the  under 
surface  of  the  trunk,  dragged  along  the  ground.     The  slope  of  the  body  and   the  structure 
of  the  limbs,  indicated  by  the  above  described  character  of  the  steps,  accord  best  with  those 
of  the  land,  or  fresh-water  tortoises,  and  the  median  groove  might  have  been  scooped  out  by 
the  haitl  surfiicc  of  a  prominent  plastron. 

The  disproportion  in  the  size  of  the  forc-andhmd-feet,  is  such  aa  we  find  in  some  eiisting 
Terrapenes  e.  g.  the  Emys  geograpkica„^^ 
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Tracks  of  Crustaceans  ? 


Plate  XXXIII. 


Impressions  consisting  of  two  parallel  linear  imprints,  or  shallow  grooves, 
extending  continuously  for  short  distances  and  again  repeated  at  irregular 
intervals,  either  in  the  same  or  a  slightly  varymg  direction.  Wherever 
there  are  several  of  these  impressions  near  each  other,  only  two  lines  are 
parallel,  one  with  the  other,  and  have  no  connection  with  any  other  series. 
The  two  lines  are  about  three-sixteenths  of  an  inch  distant  from  each 
other,  usually  direct,  sometimes  undulating  and  sometimes  making  an  abrupt 
curve.  These  linear  grooves  are  usually  of  nearly  equal  depth  throughout 
their  length,  but  in  some  instances  there  is  a  decided  pit  at  one  extremity, 
as  if  the  mud  had  been  struck  by  a  pair  of  parallel  claws  which  were  pressed 
backward,  and  the  grooves  gradually  dying  out  in  that  direction*  In  one 
or  two  places,  there  appears  to  be  a  line  of  distinct,  pitted  impressions, 
continued  in  the  same  direction  as  the  groove. 

In  addition  to  the  linear  parallel  grooves,  there  are',  upon  the  slabs, 
numerous  pitted  impressions  like  those  just  noticed  which  are  often  in  a 
continuous  series,  quite  separate  from  any  grooved  lines,  many  of  which 
are  simple,  while  others  present  markings  as  of  claws,  or  toes,  lilfe  speci- 
mens from  the  same  rocks  in  New  York.  (Pal.  Vol.  II.  p.  26,  et  passim.) 
Those  now  described  appear  to  be  due  to  crustaceans,  rather  than  to  any  • 
other  animal,  since  they  resemble,  in  some  degree,  marks  made  by  existing 
species  of  that  class  of  animals.  The  surface  of  the  specimen  on  which 
these  tracks  are  made,  is  covered  with  a  thin  film  of  shaly  matter,  in  which 
are  imbedded,  apparently,  the  remains  of  the  macerated  skeletons  of  several 
Brjozoa,  the  structure  of  which  is  so  obliterated,  that  their  generic  rela- 
tions cannot  be  established. 

We  have  known,  for  many  years,  that  the  Clinton  group  of  New  York 
contains  numerous  trails  made  by  different  species  of  animals,  or  by  ani- 
mals of  different  size  which  may  have  been  mollusks ;  we  have  others 
^hich,  by  the  peculiar  fimbriated  character,  indicate  other  forms ;  and  we 
have  those  making  distinct  imprints,  like  foot-marks,  with  distinct  toes, 
^hich  clearly  belong  to  still  another  class.  To  these  three  classes,  we  may 
DOW  add  those  just  described,  which  arc  quite  distinct  from  either,  and  were 
^^questionably  made  by  animals  of  a  very  different  organization. 
We  have,  then,  tracks  and  trails  of  five  distinct  types,  which  existed 
1     during  the  deposition  of  the  Clinton  group. 

'  Regarding,  at  the  same  time,  the  fact  that  no  special  attention  has  been 
given  to  the  examination  of  these  objects,  the  specimens  being  mainly  those 
^hich  have  fallen  under  my  observation  while  devoting  myself  to  other 
objects  of  pursuit,  we  may  feel  assured  that  we  have  much  to  learn  in  this 
field,  which  thus  far  has  remained  comparatively  unexplored,  but  the  results 
■     of  which  will  richly  reward  him  who  undertakes  it. 

Geological  Position  and  Locality, —  I  have  already  spoken  of  the  geo- 
logical position  and  locality  of  the  argillaceous  and  thin-bedded  sandstones 
which  bear  these  markings,  being  in  the  lower  portion  of  the  Clinton  group, 
W  above  the  Medina  sandstone,  as  now  restricted  in  New  Yotk,    TVa-^ 
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are  associated  with  strata  wlich  occur  at  the  commencement  of  the  upper 
Silurian  epoch,  belonging  to  that  period  bf  disturbance  which  preceded 
the  formation  of  all  those  calcareous  strata  of  the  upper  Clinton  and  Niagara 
g'^oups,  so  highly  charged  with  the  remains  of  corals,  crinoids,  mollusb 
and  trilobites. 


NIAGARA  GROUP. 


The  fossils  found  in  this  group  are  chiefly  those  which  have  been  else- 
where described ;  many  of  which  have  been  mentioned  in  the  preceding 
pages,  and,  therefore,  it  is  unnecessary  to  repeat  them  here,  farther  than  to 
remark,  that  Catenipora  escharoidcsy  and  two  or  more  species  of  Heliolites, 
with  one  or  two  species  of  Astrocerium^  are  the  characteristic  ones  of  tlus 
group,  throughout  its  range  in  this  district.     Nearly  all  the  larger  corals 
are  identical  with  those  in  the  same  group,  in  w  estern  New  York,  and  in 
Canada  West,  Avhile  the  smaller  ones  are  much  less  numerous  in  the  Lake 
Superior  district  than  at  more  eastern  localities.     The  remains  of  Trilobites 
are  extremely  rare,  and  only  some  few  fragments  have  been  observed.    The 
characteristic  Brachiopoda  are,  also,  almost  entirely  wanting  at   all  the 
localities  which  I  examined.     Several  species  of  Orthoceratites  have  been 
observe(l  at  different  localities ;  but  they  are  so  poorly  preserved  in  the  rock, 
that  they  are  of  little  interest. 

Among  the  more  interesting  fossils  of  this  rock,  are  those  peculiar  forms 
describett  by  Dr.  Bigsby,  in  his  paper  on  the  geography  and  geology  of 
Lake  Huron,  as  Huronia.* 

In  that  paper,  they  were  regarded  as  the  remains  of  corals ;  but,  subse- 
quently, Mr.  Stokes  corrects  this  opinion,  and  regards  them  as  the  probable 
siphuncles  of  Orthocerata. 

They  are  analogous,  indeed,  in  their  form  and  general  appearance,  to  this 
portion  of  the  Orthocerata ;  but  it  is  still  very  remarkable,  that,  in  the 
numerous  examples  observed  by  Dr.  Bigsby  and  Mr.  Stokes,  not  one  should 
have  been  found  preserving  some  remams  of  the  septa,  or  outer  shell.  The 
example  of  Huronia  Portlockii,  given  by  Mr.  Stokes,  (Geol.  Trans.,  Second 
Series,  Vol.  V.,  p.  710,  PI.  IX.,  fig.  5,)  does  exhibit  the  appearance  of 
septa  ;  but  it  appears  to  me  that  this  pne  is  very  different  from  the  t)T)icnl 
forms  of  the  genus,  and  may  well  be  referred  to  Ormoceras.  If  the  exam- 
ples, such  as  Huronia  Bigsbii,  and  H  vertebralisy  which  are  often  found 
of  considerable  length,  and  in  numerous  individuals,  prove  to  be  the  siphun- 
cles of  Orthocerata,  they  form  an  exception  to  the  general  condition  of  pre- 
servation in  these  bodies ;  for,  in  the  strata  where  the  remains  of  this  family 
occur  in  the  greatest  abundance,  and  in  all  degrees  of  preservation,  there 
are  only  rare  examples  of  the  siphuncle  having  been  preserved  without  the 
septa.  In  fact,  both  are  one  and  the  same  thing :  an  extension  of  a  lamina 
of  shell  from  the  siphuncle,  forming  a  septum,  or,  vice  versa,  the  lamina^ 
of  the  septa  curve  around  and  enclose  the  open  sippon  tube. 

The  rare  examples  alluded  to  in  Ormoceras  and  Endoceras,  where  the 
siphuncle  is  preserved  separate  from  the  septa  and  outer  shell,  present  a 

*  Choh  Transactions,  Second  Series,  Vol.  I.  See,  also,  a  paper  by  Mr.  Charles  Stok^ 
Ott  Orthocerata  lb.  Yol.  Y. 
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tibr  of  a  different  character  from  that  of  Huronia,  and  one  which  is  at 
nee  recognized  as  belonging  to  the  Orthoceratide^. 

The  apparent  insertion  of  one  joint  within  the  other,  in  some  species  of 
luronia,  is  a  character  much  more  like  that  of  Cornulites,  and  their  shell, 
he  exterior  of  which  is  rarely  preserve u,  is  very  like  specimens  of  this 
;enus.  It  may  be  due  to  the  extreme  concavity  of  the  septum,  and  the 
nlargement  of  the  siphuncle  at  the  point  where  it  is  joined  by  the  septum. 

Whatever  may  have  been  the  original  nature  of  those  fossils,  it  appears 
0  me  that,  even  admitting  them  to  have  been  siphuncles  of  some  Ortho- 
:eratite,  they  still  preserve  characters  which  entitle  them  to  a  separate 
jeneric  description. 

HURONIA  VBRTEBRALIS. 

Plate  XXXIV.,  figure  1. 

Uuronia  vertebralis,  Stokes,  Gecl.  Trans.  2d  Series,  Vol.  I.,  p.  202;  Plate 

XXVllL,  figure  2. 


Tube  elongated  ;  composed  of  joints,  or  articulations,  of  which  the  upper 
extremity  is  the  largest,  and  the  smaller  and  lower  extremity  of  tiie  suc- 
ceeding one  is  apparently  inserted  within  the  uppe**  edge  of  the  preceding ; 
upper  edge  expanded  and  somewhat  deflected.  The  surface  sometimes 
presents  longitudinal  strise,  but  I  have  been  umable  to  detect  any  other 
structure,  though,  in  some  parts,  the  entire  shell  appear  to  I  >  still 
remaining. 

A  comparison  of  this  fossil  with  some  specimens  of  Cornulites,  where 
the  shell  has  been  partially  removed,  shows  a  striking  similarity  m  the 
stnicture  and  arrangement  of  the  parts,  except  that  in  the  latter  fossil,  the 
joints  of  which  it  is  composed,  diminish  much  more  rapidly  thar>  m  the 
Huronia.  It  is  an  interesting  fact,  however,  that  all  known  spi^ies  ol 
Comulites  belong  to  the  Clinton  and  Niagara  groups,  and  are  of  th»^  same 
epoch  of  the  Huronia. 

The  specimen  figured  is  somewhat  distorted  by  presr  ure,  but  t)  e  pro- 
portion of  the  parts  and  general  form  indicate  the  species  describee  under 
this  form  by  Mr.  Stokes. 

Geological  Position  and  Locality, —  This,  and  other  specimenis,  were 
found  by  Messrs.  Whittlesey  and  Desor,  at  Orthoceras  Pomt,  about  eight 
^es  east  of  the  Detour,  on  the  north  shore  of  Lake  Michigan,  anr*  from 
fte  position  of  this  place,  they  occur  in  the  central,  or  higher  portion?-  of  the 
fock ;  tius  aflfording  a  new  locality  for  these  singular  fossils. 


Huronia  annulata.    Nov.  sp. 

Plate  XXXIV.,  figure  4. 

Compare  Hutonia  Bigsbii,  Stokes,  Geol.  Trans.,  2d  series,  Vol.  L,  ^.  2Q&\ 

Plate  XXVin.,  figure  1. 
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Tube,  or  column,  cylindrical,  or  slightly  tapering ;  composed  of  joints 
which  are  of  nearly  equal  diameter  throughout,  except  the  abrupt  enlarge- 
ment at  one  extremity,"  which  forms  a  strong  annulation;  length  of  the 
joints  about  two-thirds  their  diameter. 

In  this  species,  the  smaller  end  of  the  joint  does  not  seem  inserted  into  the 
expanded  portion  of  the  other,  but  to  rest  upon  it,  and  in  many  of  them,  it 
appears  as  if  expanded  equally  with  the  lower  one,  and  that  the  two  meet 
on  the  centre  of  the  annulation,  as  shown  in  the  figure  by  the  dark  line, 
which,  in  the  specimen,  appears  like  a  suture.  In  this  character,  it  pr^ 
sents  a  very  remarkable  similarity  to  a  vertebral  column  and  I  should  at 
once  have  referred  it  to  H.  vertebralis  of  Stokes,  but  that  in  his  descrip- 
tion the  tapering  downwards,  and  the  inflation  above  are  regarded  as 
prominent  characters.    Our  specimens   agree   better  with  the  characters 

fiven  to  II.  Bigsbii;  but  in  the  figure  of  that  species  the  length  and 
readth  of  the  joints  is  much  more  nearly  equal  than  in  our  specimen ;  the 
form  of  the  joints  is  also  more  tapering,  though  I  have  observed  this  char- 
acter in  a  few  of  the  joints  in  the  specimen  figured.  This  character  is 
somewhat  apparent  towards  the  right  hand  extremity  of  the  figure.  The 
extremes  of  measurement  given  by  Mr.  Stokes,  however,  are  sufficient  to 
make  us  hesitate  in  determining  the  species  from  the  length  and  diameter 
of  the  joints. 

In  this  specimen,  towards  the  right  hand  extremity,  as  shown  in  the 
figure,  there  is  an  appearance  like  a  tube  penetrating  the  interior,  a  char- 
acter noticed  by  Mr.  Stokes. 

When  the  specimen  is  broken,  the  interior  presents  an  eccentric,  tubular 
cavity,  lined  with  crystals  of  carbonate  of  lime.  In  the  present  condition 
of  the  specimen,  it  is  not  possible  to  ascertain  any  connection  between  this 
tube  and  any  other  part. 

Both  the  specimens  figured  are  in  a  light-grey  sub-crj^stalline  limestone 
from  the  same  locality.  The  associated  fossils  are  the  following  species  of 
Discosorus  and  some  trochiform  Gasteropoda. 


DiSCOSORUS  CONOIDEUfi. 

Plate  XXXIV.,  figures  2  and  3. 

Discosorus  conoideus,  Palaeontology  of    N.   Y.,   voL  II,   p*  99,  VW 

XXVIII,  figure  13,  a,  b,  c. 

A  conical  body  composed  of  a  series  of  rings  or  discs,  with  rounded 
outer  edges,  and  flattened  above  and  below.  Each  succeeding  ring,  or 
disc,  increases  in  size  from  the  apex  towards  the  base. 

These  discs  are  composed  of  a  thick  crust,  or  shell,  having  a  fibrous 
structure,  which  radiates  from  a  small,  central,  tubular  cavity,  or  space, 
filled  by  a  different  kind  of  material.  This  cavity  may,  perhaps,  commu- 
nicate with  the  internal,  conical  cavity,  formed  within  the  entire  series  of 
rings.  The  structure  of  the  ring,  in  specimens  of  this  fossil  from  Ne^ 
York,  resembles  more  nearly  that  of  the  Belenmite  than  anything  else  with 
which  I  am  acquainted.  The  specimens  from  Lake  Michigan  afford  no  ne^ 
facts  regarding  the  structure  of  this  fossil.     One  of  the  specimens  has  the 
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two  broader  discs  crushed,  giving  them  apparently  an  abruptly  increased 
diameter ;  but  this  appearance  is  entirely  accidental.  The  oblique  direction 
of  the  discs  and  the  curved  form  of  the  specimens  are,  in  like  manner,  due 
to  pressure.  The  other  specimen  has  the  edges  of  the  discs  worn  down, 
the  interior  being  crystallized,  leaving  only  a  thin  exterior  shell.  This 
crystallized  interior  does  not  represent  the  cavity  before  alluded  to,  but  is 
iie  substance  of  the  thick  shell,  or  crust,  crystallized  and  partially  removed, 
eaving  a  cavity. 

These  fossils  were  first  noticed  by  Dr.  Bigsby,  on  Drummond's  island, 
md  were  described  and  figured  in  the  geological  transactions  before 
ited,  but  without  a  name,  and,  so  far  as  I  know,  they  have^remained 
vithout  farther  notice,  until  the  description  cited  above.  I  am  unable  to 
ind  any  characters  by  w^hich  to  separate  the  species,  now  described,  from 
hose  found  in  the  Clinton  group  in  New  York. 

Geological  Position  and  Locality, —  The  specimens  figured  were  found 
mth  Huronia,  at  Orthoceras  Point,  in  limestone  of  the  Niagara  period ; 
and  also  in  the  same  rock  on  Drummond's  island. 


UPPER  HELDERBERG  LIMESTONES. 

Above  the  Niagara  group,  the  first  fossiliferous  rocks  belong  to  the  age 
of  the  upper  Helderberg  limestones  of  New  York,  the  intermediate  space 
being  occupied  by  the  Onondaga  salt  group,  which,  so  far  as  observed,  is 
nun-fossiliferous  throughout  the  district. 

I  have  had  no  opportunity  of  examining  any  fossils  of  the  rocks  of  this 
age,  except  those  from  Mackinac,  among  which  are  several  corals,  inden- 
tcal  with  those  of  the  upper  Helderberg,  a  Trilobite  resembling  Phacops 
hufoj  a  few  Brachiopoda,  which,  from  their  condition,  are  not  reliable,  and 
those  figured  on  Plate  XXXV.,  which  are  recognized  as  species  of  the 
upper  Helderberg  group. 


DiCTYONEMA    FENESTRATA, 

Dictyonemaj  Palaeont.  N.  Y.,  Vol.  II.,  p,  174. 
Plate  XXXV.,  figure  1,  a,  6. 


Frond  flabellate ;  branches  slender,  bifurcating,  an  J  slightly  divergent ; 
united  laterally  by  slender  trans\'erse  filaments  of  the  same  substance  as 
the  branches. 

The  substance  of  the  fossil  is  carbonaceous,  crumbling  under  pressure, 
^d  leaving  only  a  black  stain. 

This  species  resembles  very  nearly  the  Dictyonema  gracilis  of  the  Nia- 
gara group,  but  the  substance  of  the  branches  is  thicker,  and  it  does  not 
^ow  the  striae  or  indentations  so  conspicuous  on  that  one.  In  the  species 
^der  consideration,  I  have  not  observed  the  separation  of  a  thin  horny 
c^ust  firom  the  internal  portion  of  the  branches,  as  is  distirvctl'j  \^sM^v^ 
^'  gracilis. 
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Geological  Position  and   Locality. — ^In  the  argilIaceou!(  limestone  cf 
Mackinac,  associated  with  corals  of  the  genus  Callopora. 


Prcetus 


Plate  XXXV.,  figure  2. 

^  Tail  having  the  axis  marked  by  about  nine  or  ten  annulations,  which  are 
broad  and^'ounded  in  the  crust,  but  thin  and  sharp  in  the  cast;  lateral  lobes 
marked  by  six  or  seven  ribs,  which  are  slightly  grooved  on  the  upper  side; 
these  all  terminate  in  a  narrow,  thickened  margin;  the  axis  scarcely  reaches 
this  marginal  fold,  but  terminates  near  enough  to  allow  the  space  of  the 
longitudinal  furrows  to  pass  around  the  apex. 

This  fragment,  which  has  a  portion  of  the  crust  removed  and  otherwise 
not  entire,  so  nearly  resembles  a  species  in  the  Schoharie  grit,  that  I  cannot 
doubt  their  identity.  The  number  and  character  of  the  rings  in  the  axis 
and  the  ribs  on  the  lateral  lobes  correspond  in  the  two  species,  and  even  the 
papillose  markings  on  each  side  of  the  groove,  in  the  lateral  ribs  of  the  tail, 
are  the  same  in  both.  In  the  Schoharie  specimen,  the  thorax  has  ten  arti- 
culations, the  eyes  are  large  and  reniform,  and  the  head  is  margined  by  a 
broad  expansion,  separated  from  the  cheeks  by  a  distinct  narrow  groove. 
The  posterior  angles  of  this  marginal  expansion  were  probably  continued 
into  spines,  but  in  the  specimen  before  me  they  are  broken  off. 

Geological  Position  and  Locality. — The  specimen  figured  was  found  about 
half  way  up  the  cliff,  at  the  Arched  Rock,  Mackinac. 


PhACOPS  ANCHI0P8. 

Plate  XXXV.,  figure  3,  a,  6. 

Calymene ,  cited  with  much  doubt  by  Brongniart  as  being  the  Co/j- 

menc  macropthalma.     "  Crustaces  Fossiles,"  page  16. 
Calymene  anchiopsy  Green,  Monograph,  page  35. 
Asaphus  laticostatusj  id.  ibid,  page  45. 

Head  somewhat  asemi-circular,  with  the  posterior  angles  extended  into 
spines ;  a  strong  spine  proceeding  backwards  from  the  centre  of  the  base  of 
the  head ;  glabella  very  narrow  behind,  but  abruptly  expanding  before;  eye 
large  and  very  prominent ;  a  broad,  strong  tubercle  on  the  inner  side  of 
eacli  eye,  and  separated  from  it  by  a  furrow.  The  furrow  separating  the 
glabella  from  this  tubercle  is  marked  in  the  cast  by  two  deep  pits ;  thorax 
with  the  usual  number  of  articulations ;  tail  large  and  strong,  projecting 
into  a  long  and  strong  spine ;  axis  with  ten  to  thirteen  rings ;  lateral  lobes 
with  seven  to  nine  ribs. 

This  fossil  varies  to  an  extreme  degree  in  its  general  appearance,  fron» 
the  presence,  or  absence,  of  the  crust  which  in  the  prolongation  of  the  head 
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id  the  tail,  gives  to  it  very  marked  and  positive  characters.  The  speci- 
en  referred  to  by  Brongniart,  is  a  nearly  entire  individual,  with  the  ex- 
ption  of  the  extremity  of  the  tail  and  the  spines  at  the  base  of  the  head, 
hich  are  broken  off,  and  the  eyes  somewhat  mutilated.  It  was  a  cast 
this  specimen,  now  in  the  collection  of  the  Albany  Institute,  which  was 
nt  by  Dr.  Hosack  to  the  Academy  of  Sciences  at  Paris.  It  is  the  same 
ecimen  whith  •  Professor  Green  describes  under  the  name  of  Calymcne 
chiopsy  in  his  monograph  of  the  Trilobites  of  North  America.  The 
mphus  laticostaius  ot  the  same  author,  is  the  tail  of  that  species  entirely 
Quded  of  the  crust,  and  presenting  the  rounded  form,  shown  in  the  cast 
companying  the  monograph. 

This  Trilobite  is  so  peculiar  in  the  form  of  the  glabella  and  of  the  tuber- 
's within  the  base  of  the  eyes,  that  these  characters  alone  serve  to  distin- 
ish  it,  even  in  the  absence  of  others.  In  one  of  the  iragments  before  us, 
I  form  of  the  glabella  and  the  eye  is  well-preserved,  and,  at  the  base  nf 
;  head,  the  impression  of  the  central  spine  with  a  part  of  it  still  remaining. 
this  one,  the  lateral  portions  are  broken  off;  but,  in  another  specimen, 
is  part  is  better  preserved,  though,  in  other  respects,  less  characteristic. 

Fig.  8.  a,  A  part  of  the  head  preserving  the  form  of  the  glabella,  the  bases  cf  the  cy?f 
and  the  large  tubercles  within  the  base  of  the  eyes.  The  base  of  the  ceiitr&l  pos« 
tenor  spme  of  the  buckler  is  prcserred,  and  its  extension  shewn  in  the  stone  cnclcbicg 
the  fossil. 

Pig.  3.  bj  Another  fragment  of  the  buckler,  p-escnring  the  lateral  angles.  The  central 
portion,  with  the  spine,  is  broken  off. 

Geological  Pcsiiion  and  Locality. —  These  fragments  occur  in  the  cliff 
the  Arched  Rock  on  the  island  of  Mackinac.  The  facts  bearing  en  the 
"sition  of  this  rock  have  already  been  given,  and  the  associated  fossils 
ou!d  alone  offer  conclusive  evidence  of  its  age.  The  Trilobite  here 
ticed  is  known  in  New  York,  everywhere  restricted  to  the  lower  member 
the  upper  Helderberg  group  —  the  Schoharie  grit.  The  species  of  Proetus 
bich  occurs  in  the  same  locality,  at  Mackinac,  is  found  only  in  the  Scho- 
irie  grit,  in  New  York.  The  same  rock  contains  a  species  of  Phacops  of 
e  form  of  P.  bufo,  but  having  a  row  of  spines  down  the  axis  cf  the  thcrax. 
I  a  quarry  in  Mackinac,  I  found  the  impression  of  a  similar  Trilobite. 
We  are  already  pretty  well  acquainted  with  the  Trilobites  of  our  succes- 
fe  groups,  and  though  we  may  expect  to  find  many  new  species,  it  is  not 
he,  for  one  moment,  regarded  as  probable  that  we  shall  find  such  an 
sociation  of  species  passing  from  one  rock  into  another ;  for,  thus  far,  we 
low  that  tl>ey  are  remarkably  restricted  in  their  geological  range.  It  is 
ite  probable  that  %  more  careful  examination,  at  Mackinac,  would  enable 
to  detect  the  three  distinct  members  which  compose  this  group  in  the 
stern  part  of  New  York. 

I  here  append  a  list  of  the  fossils  found  within  the  Lake  Superior  district, 
far  as  tl.ey  have  been  determined.  Of  course  it  cannot  be  considered  as 
iry  complete ;  but,  it  is  not  probable  that  the  number  will  be  very  con- 
derably  increased  for  a  long  time  to  come  ;  the  region  is  too  remote,  and 
le  exposure  of  the  rocks  too  few  to  afford  much  encouragement  to  col^- 
ictors. 
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LIST  OP  FOSSILS. 


Potsdam  Sandstone 
Plants, 


Acephala. 


Fucoides?  duplex. 


Brachiopoda. 


Lingula  prima. 


Crustacea. 


Dikellacephalus 


Calcif£rous  Sandstone. 
Plants. 
Palseophycus  tubularis. 


Cephalopoda. 


Orthoceras. 


Brachiopoda, 


dies.  ) 


Lingula  — 

Theca-like  bodies. 

[In  the  lower  part  of  this  rock,  or  the  up- 
per part  of  Potsdam  sandstone.] 


Chazy  Limestone. 

Corals. 

Stictopora  fenestrata. 

Stictopora ? 

Chffitetes ? 

Brachiopoda. 

Leptsena  fasciata. 
Atryjpa  acutirostra. 
A.  plena. 
A.  altilis. 


Ambonychia 


Gasteropoda. 

Maclurea  magna  (specimen  sho^ 
me  said  to  be  from  St.  Joseph's 
Island). 

Raphistoma  staminca,  Escanilba 
river. 


BiRDS-EYEj     BLACK-EIVEa,       hXd 

Tbenton  Limestones. 
Plants. 


Palaeophycus  — — ? 
Buthotrephis  succulens. 
Phytopsis  tubulosum. 

Corals. 

Chstetes  lycoperdon. 
Streptelasma  comiculum. 

profunda. 

Stictopora  ramosa. 
S.  elegantula. 
S.  — —  n.  sp. 
S.  —  n.  sp. 

Phenopora  multipora.  n.  sp. 
Escharopora  recta. 
Clathropora  flabellata.  n.  sp. 
Aulopora  arachnoid ea. 
Graptolithus  amplexicaulis. 

Crinoidea. 

Schizocrinus  nodosos. 

Homocrinus ? 

Eqhinosphffirites n.  sp. 

'  nov.  genus. 

Brachiopoda. 

Lingula  squalis. 
Ortbis  tesl^dinaria 
O.sttbsquata, 


aW 


[<i 


His. 

alternata. 

a. 

• 

ea. 

riata. 

nx. 

crebescens. 

irostra. 

Acephala. 

lia  obtusa. 
vata. 
a  dubia. 
ventricosa. 

Gasteropoda. 

elongata. 
lia  major, 
acta. 
1.  sp. 
ita. 

laria  lenticularis. 
lata, 
ies. 
ica. 

idorsata. 
on  bilobatus. 
compressus. 
sis n.  sp. 

Cep/ialopoda. 

s  multicanieratuni. 

ue. 

5  tenuifilum. 

>  proteiforme. 

s  anceps  (west  of  the  limits 

listrict.)     Many  fragments 

oceratites  not  determined. 

Crvstacea. 

igas. 

-assicauda  ? 
!  Blumenbachii, 
var.  senaria. 
lallicephalus. 
p]«urexanthemua . 


Asaphus  extans. 
A.  Barrandi.  n.  sp. 
Harpes  escanabiae.  n.  sp. 
Lichas  trentonensis. 
Cytherina  fabulites. 

HuDsoN-RivEB  Group. 
Plants. 

Buthotrephis  subnodosa. 

Corals. 

ChjBtetes  lycoperdon   (in  great  num- 
bers and  variety  of  form.) 
Favistella  stellata. 
Streptelasma.  n.  sp. 

?  nov.  genus  and  sp. 

Catenipora  gracilis,  n.  sp. 
Syringopora  obsoleta.  n.  sp. 

Crinoidea. 

Columns  of  Heterocrinus  and  Glyp- 
tocrinus. 

Brachiopoda 

Lingula  quadrata. 

Ortnis  testudinaria.  • 

O.  occidentalis. 

O.  subjugata. 

O.  subquadrata 

LeptsBna  alternata. 

L.  sericea. 

Atrypa  increbescens. 

Acephala, 

Ambonychia  carinata. 
Avicula  demissa. 
Modiolopsrs  modiolaris. 
M.  pholadiformis.  n.  sp. 
M.  anadontoides. 

Nucula ? 

Lyrodesma ? 

Cleidophorus  planuhitus. 

Gasteropoda. 

Murchi&oma  ^tvlcWy^. 
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Bellerophon  bilobatus. 
Cyrtolites  ornatus. 

Cephalopoda. 

Orthoceras  lamcllosum. 
Ormoceras  crebiiseptum. 

Crtistacea. 

Isotclizs  megistos. 


Clinton  and  Niagara  Groups. 


Numerous  remains  of  marine  plants. 

Corals, 

Caninia n.  sp. 

Diplophyllum  ccespitosum 
Conophyllum  niagarense. 
Favosites  niagarensis. 
F.  favosa. 

Astrocerium  venustum. 
A.  parasiticum. 
Heliolites  pyriformis. 
H.  spinipora. 

Stromatopora  concentrica. 
Catefiipora  escharoides. 
C.  agglomcrata. 
Sj'ringopora  multicaulis  ? 

Crinoidca. 

Fragments  of  columns  too  imperfect 
for  recognition. 

Brachiopoda. 

Atrypa  reticularis. 
Spirifer. 

Pentamerus      oblongus      ^abundant 
throughout  the  district.) 

Acepliala. 

Aviculn— n.  sp. 
Modiolopsis? ? 


Gasteropoda. 

Murchisonia  subulata. 

Cephalopoda. 

Orthoceras  undulatum. 

O.  virgatum. 

Huronia  vertebralis.     J 

H.  annulata.  f  Incertas 

H. .  n.  sp.  I   Sedis* 

Discosorus  conoideus.  J 

Crustacea. 

Fragments  undetermined. 

Tracks  of  various  animals  upon  tie 
surface  of  the  argillaceous  saiKl- 
stones  of  the  Clinton  group. 


Upf£b,  Helderbero  Limestoncs* 

Corals. 

Favosites  gothlandica. 
F.  striata? 
Callopora.  n.  sp. 
Cladopora.  n.  sp. 
Cyathophyllum  (several  ipecies*) 

Fenestclla ? 

Dictyonema  fenestrata 
Lichenalia. 

Brachiopoda. 

A.  reticularis. 
A.- — ? 
Spirifer ? 

Acephala. 


Avicula ? 

Cypricardia — n.  sp. 


Crustacea. 


Proetus ? 

Fhacops  anchiops. 
P. ? 


229  ti) 


Aekeral  remarks  on  the  above  list 

The  preceding  catalogue  may  be  extended  by  the  addition  of  a  few  spe- 
es  in  the  lower  groups  ;  but  it  is  not  probable  that  any  large  number  will 
*  added  to  the  list  here  given.  In  the  Niagara  ffroup,  in  all  probability, 
e  number  of  corals  may  be  augmented  by  new  discoveries  ;  though,  from 
bat.  I  have  already  seen,  it  does  not  appear  that  many  of  the  smaller  bry- 
ooid  forms  will  be  found  in  this  district,  unless  some  locality  should  be 
iind,  more  favorable  for  their  growth  than  anv  vet  observed  on  the  north- 
n  shares  of  Lakes  Huron  and  Michigan.  Judging  from  the  character  of 
e  rock,  it  seems  hardly  possible  that  we  shall  be  able  to  obtain,  in  any- 
ing  like  a  perfect  condition,  the  species  of  Crinoidea  which  characterize 
e  Niagara  group  farther  east.  Few  of  the  Brachiopoda  of  this  groun 
ive  been  recognized  ;  indeed,  so  unsatisfactory  are  the  fragments  of  shells 

this  family,  that,  with  one  or  two  exceptions,  they  have  been  omitted 
om  the  list.  These  fragments  indicate  that  Spirifer  niagarensis  and  S. 
ulcaius,  have  extended  westward  through  this  district,  and  that  they  arc 
nown  still  farther  west.  Several  of  the  strongly  plicated  species  of  Atrypa 
lave  existed  in  this  district,  but  they  occur  only  in  fragments,  or  in  a  con- 
lition  too  imperfect  to  be  recognized. 

The  entire  list  numbers  about  one  hundred  and  fifty  species,  of  which 
more  than  one  hundred  are  from  the  lower  Silurian  strata ;  twenty-six  from 
[he  upper  Silurian ;  and  sixteen  from  strata  regarded  as  of  Devonian  age. 
t  seeras  scarcely  possible  that,  for  a  long  time  to  come,  the  number  of  spe-^ 
i^s  from  the  Silurian  strata  of  this  district  can  reach  two  hundred  ;  while 
'e  have  already,  from  rocks  of  the  same  age,  in  their  eastern  prolongation. 
Ore  than  seven  hundred  well-known  species.  Notwithstanding,  therefore, 
lat  some  of  the  localities  appear  to  be  abundant,  both  in  species  and  indi- 
duals,  there  is  not  to  be  found  the  great  variety  which  characterizes  more 
astern  localities.  We  have  already  shown  the  diminution  in  thickness  of 
1  the  lower  Silurian  limestones,  though  we  can  recognize  the  period  of  each 
^e,  both  by  its  representative  beds,  and  by  its  characteristic  fossils.  It  is 
Ue,  that  in  the  upper  Silurian  period,  there  is  an  augmentation  of  the  cal- 
ireous  beds;  but  this  increase  is  not  accompanied  by  a  correspondbg 
c^cession  of  species,  to  what  we  find  in  the  same  beds,  even  when  not  so 
hick  as  in  this  district. 

The  almost  entire  absence  of  the  schistose  and  arenaceous  beds  has  had 
^me  influence  in  diminishing  the  number  of  species  of  fossils ;  for,  in  the 
'Niagara  group  particularly,  the  smaller  corals,  the  crinoids,  and  the  Trilo- 
^ites,  are  confined  to  the  shaly  limestone  and  marls.  The  shaly  and  arena- 
-eous  beds  of  the  Clinton  group,  with  some  calcareous  bands  of  minor 
niportance,  afford,  in  the  state  of  New  York,  more  than  one  hundred  spe- 
cies of  fossils.  These  are  scarcely  represented  in  the  Lake  Superior  district, 
^^d,  therefore,  it  is  not  proper  to  include  the  entire  grouping  in  our  com 
parison. 

The  following  table  will  present  at  once,  without  the  necessity  of  farther 
^^fplanatioi),  the  means  of  comparison : 
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Table  of  the  number  of  species  of  fossils  found  in  the  State  of  JVcw 

York  and  the  Lake  Superior  District, 


Potsdam  samUtone 

CalcUerous  sandstone* 

Chazy  limestone 

Birds-cye,  Black-river,  and  Trenton  lime 
stones , 


Hudson-river  g^roup. 


Clinton  group 

'K iiigara  group 

ilJpper  1  lelderberg  series , 


'and  thirty  species  com 
mon  to  the  TreotoD 
and  other  groups.    I 

besides  thirty  species! 
common  to  this  and! 
the  preceding  grooi)9J 


The  great  diminution  of  species,  which  is  here  so  apparent,  would  seem 
to  be  due  to  other  causes  than  those  which  would  be  assumed  at  first  sight. 
We  know  that  it  is  not  always  the  deposits  of  the  greatest  thickness  which 
afford  the  largest  number  of  species,  but  that  other  conditions  influence 
their  scarcity  or  abundance. 

The  small  number  of  new,  or  undescribed,  species  which  have  been  col- 
lected over  this  wide  area,  is  another  surprising  fact.     Those  which  have 
been  found  to  be  new,  have  been  collected  almost  entirely  from  strata  of 
lower  Silurian  age,  and  amount  to  about  ten  per  cent,  of  the  whole  number 
obtained.     A  few  more  could  be  added  from  the  collection  already  made, 
which  would,  perhaps,  increase  the  proportion  to  fifteen  per  cent.,  or  about 
four  per  cent,  of  the  whole  number  of  species  now  known  in  the  American 
lower  Silurian  strata.     In  a  collection  of  lower  Silurian  fossils  made  ia 
Tennessee,  by  Professor  Safford,  I  recognized  about  one  hundred  known, 
and  fibout  fifty  undescribed  species,  making,  in  all,  about  one  hundred  anJ 
fifty.     In  the  region  from  which  this  collection  was  made,  the  formation^ 
are  entirely  calcareous,  and  occupy  an  extent  much  less  than  in  the  Lakt^ 
Supe/'ior  district,  yet  the  proportion  of  new  species  in  the  former  is  four  of 
five  times  as  great  as  in  the  latter  region.     In  both,  we  find  new  corals  of 
the  bryozooid  type ;  but  in  Tennessee,  in  addition  to  a  much  larger  number 
of  these,  we  find  several  new  species  of  the  larger,  true  corals,  while  all 
those  hitherto  described  as  occurring  in  rocks  of  this  age,  are  found  there - 
We  cannot,  therefore,  hesitate  to  regard  the  palaeozoic  ocean,  in  the  region 
of  Tennessee,  as  having  been  more  favorable  to  the  growth  of  corals  than 
that  of  the  Lake  Superior  district. 

Tracing  the  same  formations  across  to  the  Mississippi  river,  we  find  that 
the  corals  continue  to  be  few  in  number,  and  new  species  have  been  rarely 
recognized.  The  whole  series  has,  it  is  true,  greatly  diminished  in  thicli' 
ness,  and  the  supply  of  calcareous  matter  has  disappeared,  to  a  great 
extent,  at  the  same  time  with  the  corals,  so  that  the  argillaceous  matter 
predominates. 

The  formation  of  these  calcareous  beds  we  know  to  have  been  dependent 
on  tbe  corah,  crinoids,  and  other  organisms,  whose  remains  constitute  tb^ 
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,  and  it  becomes  «i  question  of  much  interest  to  know  from  what  cause 
ceased  to  exist,  and  how  we  can  account  for  the  increase  of  calcareous 
er  towards  the  south-west,  and  its  great  diminution  in  the  north-west.* 
Br  the  temperature  of  the  ocean  was  there  unfit  for  the  development  and 
th  of  these  animals,  or  the  depth  of  the  water  was  unsuited  to  their 
ence.  Should  we  find  that  these  formations,  in  their  northern  exten- 
everywhere  assume  the  same  characters  and  undergo  the  same  changes, 
light  be  justified  in  concluding  that  there  were  some  climatic  influences 
iting  to  produce  <|  diminution  in  the  number  of  species  in  the  north ; 
J  towards  the  south,  there  is  a  constantly  increasing  ratio.  The 
here  briefly  stated  do  exist ;  the  conclusions  drawn  from  them  may, 
ips,  be  modified,  after  more  extended  observations  and  collections  have 
made,  both  at  the  north  and  the  south. 
lese  deductions,  however,  do  not  apply  to  the  upper  Silurian  groups, 

the  facts  show  that,  as  far  north  as  O^ese  strata  have  been  traced, 
!  has  been  an  increase  of  calcareous  matter ;  and  we  find  the  remains 
)rals  in  great  abundance,  though  the  number  of  species  is  not  always 
considerable  in  proportion  to  the  amount  of  individuals. 
Tiatever  may  be  the  final  view  with  regard  to  the  decrease  of  the  lower 
ian  limestones  in  importance  and  thickness,  and  the  diminution  of  the 
yer  of  species  of  fossils,  we  can  confidently  assert  that  the  conditions 
le  ocean  had  undergone  a  change  during  the  interval  betw^een  the  depo- 
1  of  the  upper  member  of  the  lower  Silurian,  and  the  lowest  beds  of 
ipper  Silurian  and  Devonian  age. 

considering  the  character  of  the  palaeozoic  strata  of  the  west,  we 
it  not  to  lose  sight  of  the  fact,  that,  although  there  is  an  absolute  aug- 
ation  in  the  amount  of  calcareous  matter  in  a  south-w^esterly  direction, 
bis  increase  is  by  no  means  so  great  as  would  appear  from  a  superficial 
ttination.  We  shall  probably  find  that,  in  a  south-westerly  direction 
I  New  York,  there  is  a  large  increase  in  the  thickness  of  all  the  groups, 
I  the  exception  of  the  lower  Silurian  limestone.  But  as  we  go  west  and 
h-west  beyond.  Lake  Michigan,  it  is  doubtful  whether  their  aggregate 
bess  is  greater  than  in  New  York.  The-  increase  of  the  calcareous 
ta  is  made  more  prominent  by  the  absence  of  the  schistose  and  arenace- 
beds  which  occupy  so  conspicuous  a  place  in  the  series,  in  the  more 
eriy  localities. 

These  remarks  refer  to  the  fossiliferoiis  beds  above  the  calciferouR  sandstone,  or  lowdf 
nesian  limestODe. 
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CHAPTER  XIV. 

ON  THE  SUPERFICIAL  DEPOSITS  OP  THIS  DISTKICT. 

BT   E.   DESOXl. 

Division  into  Drifts  Terraces  and  Alluvial  Deposits. —  Drift-PlitnomM 
of  the  Northern  Coast  of  Lake  Michigan  and  Western  Coast  of  Gretn 
Bay. —  Of  the  Menomonee. —  Of  the  Valley  of  the  Manistee. —  Of  tk 
White-fish. —  Of  the  Escandba. —  Glacial  Furrows  and- Striae. —  Roth 
broken  by  Drift-agencies, —  Origin  of  the  Limestone  Pebbles  of  Lah 
Superior. 

The  three  succeeding  chapters,  comprise  the  observations  of  Mr.  Whit- 
tlesey and  myself,  on  that  portion  of  the  superficial  deposits  of  the  Lake 
Superior  district,  which  has  not  already  been  described.  It  extends  oyer 
the  northern  shore  of  Lake  Michigan,  the  western  shore  of  Green  Bay,  the 
Big  Bay  des  Noauets,  and  the  valleys  of  the  Menomonee  and  Manistee. 

The  superficial  deposits  which  were  met  with  throughout  these  districts, 
correspond,  in  the  main,  with  those  of  the  northern  slope  along  Lake  Supe- 
rior, as  described  by  me  in  1849,  and  may  be  arranged  under  three  heaas: 

L  The  drift  proper,  composed  of  strata  of  clay,  sand  and  gravpl,  wi<i 
boulders  interspersed. 

II.  Terraces,  belonging  to  a  later  epoch. 

ni.  Alluvial  deposits. 

The  first  division  is  by  far  the  most  important,  forming,  as  we  shall  sec, 
bluffs  and  ridges  a  hundred  feet,  or  more,  in  height,  in  this  connection, 
we  shall  describe  the  diluvial  striae  and  furrows  which  have  been  observed 
at  several  points,  the  direction  of  which  corresponds  in  a  remarkable  degree 
with  those  on  the  opposite  slope. 

The  coarse  drift,  described  m  a  former  report  as  occurrmg  beneath  the 
drift  proper,  at  several  points  along  the  shore  of  liake  Superior,  seems  to 
be  entirely  wanting  in  this  district. 

DRIFT   PHENOMENA. 


The  Jforth  Coast  of  Lake  Michigan  and  West  Coast  of  Green  Bay*'' 
Although  these  coasts  are  lined  with  superficial  deposits,  which  in  sott^^ 
instances  are  very  conspicuous,  for  instance,  the  dunes  of  Pointe  aux  Chencs 
pnd  the  gravel  terraces  of  Mackinac,  yet  they  do  not  generally  belong  ^^ 
the  true  drift,  but  the  alluvial  period.  The  true  drift  deposits  seldo^^ 
wpro&ch  the  shore ;  but,  in  ascendiAg  the  rivers,  thev  are  met  with  at  P^ 
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Teat  distance.  Thus,  on  Pine  river,  we  meet  at  first  with  banks  composed 
f  silicious  sand  to  the  height  of  eight  or  ten  feet ;  but,  at  the  distance  of  a 
lile  from  the  mouth,  there  is  seen  a  stratum  of  tough,  red  clay,  cropping 
ut  from  beneath,  in  every  resp«'ct  similar  to  that  bordering  the  outlet  of 
ake  Superior^  near  Saut  Ste.  Marie,  and,  in  all  probability^  it  might  be 
aced  continuously  from  one  lake  to  the  other,  since  the  intervening  land 
DCS  not  here  rise  to  any  great  height.  In  like  manner,  as  will  be  shown, 
le  drift  deposits  of  the  Menoraonee,  White-fish,  Escanaba  and  Manistee, 
•e  relatively  situated  w4th  regard  to  the  lake. 

It  is  necessary  that  this  peculiar  distribution  of  the  drift  should  not  be 
st  sight  of,  for,  otherwise,  the  geologist,  who  should  merely  coast  along 
:e  shores,  might  infer  that  it  occurred  only  in  isolated  patches,  where- 
;  it  covers  nearly  the  whole  intervening  country  between  the  two 
real  lakes.  Its  absence  from  many  parts  of  the  coast  is  the  result  of  a 
ibscquent  denudation,  when  the  waters  of  the  lake  stood  at  a  higher  level 
lan  at  the  present  time. 

I  shall  first  describe  the  drift  phenomena  as  observed  along  the  coast, 
nd  next  those  of  the  interior,  as  observed  in  the  valleys  of  the  principal 
treams. 

The  first  locality  to  be  mentioned  lies  in  the  vicinity  of  Pointe  aux  Chenes. 
for  a  distance  of  six  miles  west,  towards  Manitou,  or  Payment  Point,  the 
coast  is  lined  with  dunes,  or  heaps  of  blown  sand ;  but  before  reaching  it, 
there  may  be  seen,  at  the  bottom  of  the  bay,  a  ridge  rising  immediately 
from  the  water's  edge  to  the  height  of  one  hundred  and  sixty-two  feet,  and 
running  parallel  with  the  shore.     Having  ascended  to  the  summit,  we  found 
a  kind  of  undulating  plateau,  intersected  by  ravines,  which  appeared  parallel 
to  the  bearing  of  the  ridge.     The  most  marked  feature,  however,  was  its 
steep  slope — -being,  as  we  estimated,  nearly  40^ — which  would  render  the 
ascent  difficult,  but  for  the  trees  which  grow  upon  it.   Its  structure  is  pecu- 
liar, inasmuch  as  it  is  composed  throughout  of  a  very  fine  and  homogeneous 
sand,  similar  to  that  which  forms  the  clunes  farther  east,  and  one  might  be 
tempted  to  regard  the  whole  as  a  gigantic  dune,  were  it  not  for  the  regu- 
larity of  its  outline,  which  is  not  in  accordance  with  the  hillock-shaped  form 
of  the  latter.    Its  considerable  slope  is  equally  at  variance  with  this  feature ; 
for  their  slopes,  in  numerous  examinations  I  have  made,  are  seldom  found 
to  exceed  32°.     It  could  not,  therefore,  be  anything  more  than  the  accumu- 
lation of  very  fine  and  homogeneous  drift-sand  ;  and  any  doubt  that  I  might 
l^ave  entertained  origiriallv,  Vanished  when  I  afterwards  found  extensive 
tracts  of  the  same  materials  along  the  Manistee  river. 

There  is  no  similar  accumulation  of  drift  to  be  observed  along  the  north- 
^ni  shore  of  the  lake ;  the  whole  coast,  from  Payment  Point  to  the  entrance 
of  Big  Bay  des  Noquets,  being  composed  of  projecting  spits  of  flat  lime- 
stone and  wide  bays  lined  ^\'^th  blown  sand. 

The  eastern  coast  of  Big  Bay  des  Noquets  presents  a  totally  different 
aspect  from  that  of  the  northern  shore  of  Lake  Michigan.  After  having 
passed  Pointe  Detour,  the  limestone  strata  are  observed  to  rise  in  ledges  to 
^  moderate  height ;  but  continue  to  increase  in  altitude  until  they  attain  one 
liundrcd  and  fifty  feet,  in  a  long. and  picturesque  bluff  at  Bay  des  Noquets; 
^nd  beyond  they  attain  a  greater  elevation,  being  two  hundred  and  fifteen 
feet,  ^he  same  feature  is  maintained  along  the  eastern  shore  of  the  bay, 
^il  we  approach  it$  extremity,  where  there  is  seen  rising  from  the  brrk- 
ptHind,  firoiB  amidst  a  flat  country,"  a  high  ridge  coveieA  ^\\.Vi^\Tvfc'&^   TV\^ 
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occurrence  of  this  kind  of  timber,  which  is  altogether  wanting  on  the  top  of 
the  limestone  cliffs,  is,  in  itself,  an  indication  ot  a  change  in  the  nature  of 
the  soil;  and  on  examination,  we  found  that  the  apparent  ridge  Avas  merely 
the  margin  of  a  plateau  which  was  seen  stretching,  for  some  distance,  in  an 
E.S.E.  direction,  and  rising  to  the  height  of  one  himdred  and  thirty-six  feet. 
The  material  was  a  fine  and  nearly  homogeneous  sand,  like  that  before  de- 
scribed, but  more  loamy,  with  occasional  pebbles  of  limestone,  which  showed 
that  it  was  a  sedimentary  deposit,  undoubtedly  of  the  age  of  the  drift.  At 
the  foot  of  the  ridge,  a  spring  was  seen  to  issue,  flowing  perhaps  over  an 
impervious  stratum  of  clay,  although  none  was  visible. 

The  various  islands  near  the  entrance  to  Big  Bay  des  Noquets  are  not 
without  importance,  in  reference  to  the  distribution  of  the  superficial  depo- 
sits. The  lower  ones  are  generally  destitute  of  drift,  their  margins,  like 
the  coast  of  the  main  land,  being  merely  lined  with  seams  of  alluvial  depo- 
sits, either  limestone  pebbles  or  fine  silicious  sand.  On  some  of  the  larger 
islands,  for  instance,  that  of  Potawatomee,  the  summits  of  the  cliffs  are 
covered  with  a  thick  deposit  of  loamy  drift-sand,  intermingled  with  pebbles 
and  boulders,  very  much  like  that  of  the  Menomonee.  Chambers's  island, 
in  Green  Bay,  is  formed  entirely  of  these  materials,  no  rock  whatever  being 
visible. 

To  conclude,  the  drift  deposits  near  the  head  of  Green  Bay,  although  not 
strictly  within  the  limits  of  our  district,  are  too  intimately  connected  with 
those  of  the  interior,  about  the  sources  of  the  Mississippi,  to  be  overlooked. 
There  may  be  seen  on  the  banks  of  the  Fox,  or  Neenah  river,  opposite  Fort 
Howard,  a  stratum  of  tough  red  clay  beneath  the  alluvial  belt,  belonging, 
no  doubt,  to  the  same  formation  of  drift  clay  which  occurs  in  the  Menomo- 
nee region,  and  which,  according  to  Mr.  Whittlesey,  forms  a  high  bluff  on 
the  margin  of  Lake  Winnebago.     A  short  distance   back  of  the  river,  this 
clay  stratum  is  covered  by  the  drift  sand,  forming  a  continuous  plateau,  on 
which  the  upper  part  of  the  town  is  built,  and  thertce  it  spreads  far  into  the 
interior.     The  thickness  of  the  drift  deposits  at  Green  Bay  has  been  ascer- 
tained, by  boring,  to  be  one  hundred  and  eight  feet. 

This  same  readish  drift  sand  continues  along  the  lake  shore  for  some  ten 
miles  to  the  north-east  of  the  village,  to  near  the  French  settlement,  where 
it  forms  bluffs  some  fifty  feet  in  height ;  but,  according  to  Mr.  Whitney, 
without  being  underlaid  by  clay. 

Drift  of  the  Menomonee  Valley. —  Having  followed  this  river  from  its 
mouth  to  near  the  junction  of  the  Machi-gamig  .and  Brule,  where  the  united 
streams  take  the  name  of  the  Menomonee,  and  made  excursions,  at  several 
points,  into  the  interior,  we  had  an  opportunity  of  observing  the  drift  over 
an  extended  area. 

It  will  be  recollected  that,  along  the  shore  of  Lake  Superior,  on  the  op- 
posite slope  of  the  axis,  stratified  drift  deposits  of  clay,  sand  and  gravel 
were  found  as  high  as  eight  hundred  and  eighty-seven  feet  abov«  the  lake, 
in  the  vicinity  of  the  iron  mountain  —  township  47,  range  27  —  and  that 
pebbles  and  boulders  were  also  found  at  a  height  of  one  uiousand  feet. 

We  did  not  attain  so  high  a  point  on  the  southern  slope,  and  I  am  there- 
fore unable  to  describe,  from  personal  observation,  the  character  of  the  detri- 
tal  formations  near  the  sununit-level  of  the  country ;  but,  according  to  Mr» 
Foster,  there  are  accumulations  of  gravel  and  pebbles,  occupying  extensive 
reaches  along  the  Machi-gamig,  at  a  height  of  one  thousand  feet  above  the 
level  of  Lake  Superior;  and,  at  a  higher  level,  there  are  numerous  obstruct 
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ons  in  the  stream  caAsed  by  an  aggregation  of  hornblende  and  granite 
)ulJers,  around  which  it  is  necessary  to  make  portages.  In  fact,  boulders 
ay  be  said  to  be  perched  upon  the  very  summit  of  the  country. 
There  is  no  country  where  the  drift  plays  a  more  conspicuous  part  than 
ar  the  junction  of  the  Machi-gamig  and  Brule.  In  many  places,  espe- 
illy  between  the  Twin  and  Great  Bekuenesec  falls  —  township  40,  range 
'  —  the  river  banks  are  composed  of  drift,  forming  bluffs  one  hundred  feet 
J  more  in  height.  A  remarkable  instance  may  be  seen  a  few  miles  above 
?  latter  falls,  on  the  left  bank,  where  the  whole  mass  is,  for  some  distance, 
(1  bare  from  its  summit  to  its  base,  so  as  to  afford  a  most  admirable  sec- 
n.  It  is  composed  chiefly  of  a  loamy  sand,  very  indistinctly  stratified, 
th  several  layers  of  gravel,  more  or  less  coarse,  interspersed  through  it. 
ulders  were  scarce,  except  near  the  summit,  where  they  seemed  rather 
)W'ded  together,  so  as  to  form  a  sort  of  stratum.  On  the  opposite  or  right 
nk,  the  detrital  deposit  rises  still  higher,  forming  a  terrace  of  some  forty 
:t,  above  which  there  is  a  steep  slope  leading  to  a  plateau  nearly  one  hun- 
ed  feet  higher,  with  numerous  boulders  scattered  over  the  surface. 
Although  the  bluff  on  the  left  bank  formed  a  natural  section  of  nearly 
le  hundred  feet  ;  yet,  no  evidences  of  a  clay  stratum  were  revealed.     If 

exists  at  all,  it  must  be  beneath  the  level  of  the  river  ;  but  it  will  be 
en  hereafter  that  the  clay  occurs  only  at  low  levels. 

There  are  other  places  in  the  neighborhood,  where  the  drift  deposits  rise 
till  higher  ;  but,  instead  of  forming  steep  bluffs,  they  are  fashioned  into 
ilk,  covered  with  dense  vegetation.  Having  ascended  one  of  these  hills, 
•pposite  the  mouth  of  Muskos  river,  which,  from  its  form  and  outline, 
^ds  supposed  to  be  granite,  I  was  jnuch  surprised  to  find  that  it  was 
imposed  of  the  same  materials  as  the  bluffs. 

Since  fires  had  recently  swept  over  the  whole  of  this  region,  an  opportu- 
fy  was  afforded  for  noticing  the  contour  of  the  ground  over  a  wide  range, 
vvas  found  that  the  drift  hills  were  not  merely  limited  to  the  borders  of 
^  river,  but  stretched  far  inland,  especially  on  the  right,  where  they 
5umed  the  form  of  a  wide  plateau  with  numerous  ridges,  giving  it  an 
dulating  surface,  like  the  rolling  prairies  of  Illinois.  The  ridges 
peared  to  be  composed  of  rather  coarse  materials,  and  along  their  slopes 
d  over  their  summits  were  scattered  numerous  boulders,  compcstd  of 
-h  rocks  as  were  known  to  occur  in  the  region  to  the  north  ;  such  as 
rnblende  and  talcose  rocks,  with  some  blocks  of  saccharoidal  limestone. 
From  the  Twin  falls,  where  the  same  character  prevails,  we  proceeded 
a  northern  direction,  in  search  of  the  limits  of  the  older  sandstone  strata, 
ossing,  first,  an  elevated  plain  of  drift  sand,  about  two  hundred  feet  above 
e  bed  of  the  river,  and  several  miles  wide,  covered  with  aspen  and  dwarfe  i 
Jies.  {Pinus  Banksiana,)  This  is  bounded  on  the  north  by  a  series  of  lo  .v 
Ijjes,  apparently  of  the  same  drift-sand,  when  we  come  to  a  small  lake,  to 
liich  we  gave  the  name  of  Lac  Fumee.  To  the  north,  the  surface  suddenly 
ses  in  steep  ridges,  attaining  an  elevation  of  two  or  three  hundred  feet 
^>ove  the  water.  The  drift  with  which  these  ridges  are  covered  is  no 
^nger  fine  sand  and  gravel;  but  very  coarse  rubble,  sometimes  wholly 
omposed  of  rounded  boulders.  These  ridges  extend  northward  for  some 
i^les,  to  near  the  Correcti6n  line  between  townships  40  and  41,  where  the 
Irift  gradually  disappears,  leaving  the  surface  bare  along  the  whole  range 
t>f  hills 

Proceeding  along  the  line  eastward,  the  lulls,  fov  s^^^\^\  \£i\^>>  ^^\^>sX 
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of  quartzose  rocks,  with  very  little  loose  material,  except  huge  boulders, 
derived  from  the  adjacent  ledges.  The  prominent  ledges  showed  distinct 
traces  of  glacial  action  on  their  northern  slopes ;  but,  on  the  south,  they 
were  generally  rough  and  precipitous. 

At  the  corner  of  sections  32  and  33,  range  29,  there  may  be  seen  naked 
quartzose  knobs,  with  vertical  walls  sixty  feet  high,  fronting  the  south, 
while  the  northern  slope  is  rounded  and  smoothed, — thus  showing,  in  a 
striking  manner,  the  contrast  between  the  lee  and  the  strike-side.  Stria 
were  also  observed  on  some  of  these  rounded  and  polished  rocks. 

The  range  of  hills  near  the  Correction  line  does  not,  however,  mark  the 
limit  of  the  drift,  for,  in  proceeding  northward,  Mr.  Whittlesey  again  found 
these  deposits,  together  with  boulders,  in  great  quantities,  as  tar  as  the 
centre  of  township  41,  where  they  again  disappear.  Returning  from  the 
northern  limit  of  this  township  towards  the  Mer|omonee,  he  describes  the 
country  as  follows : 

"  Along  the  line  of  the  section,  from  the  northern  extremity  to  the  mid- 
dle of  township  41,  the  rocks  are  principally  bare  of  drift;  for  the  next 
three  miles,  or  half*  a  township  south,  they  are  concealed  by  a  deep  cover- 
ing of  drift,  which  here  consists  of  a  mixture  of  sand  and  gravel,  bcuriBg, 
as  usual,  a  great  number  of  excellent  pines.  After  crossing  the  range  of 
syenite  and  quartz  rocks,  which  are  exposed  for  three-fourths  of  a  mile 
along  the  Correction  line,  the  land  rises  rapidly  between  sections  10  and  11, 
and  is  composed  of  a  prodigious  mass  of  rounded  boulders,  from  one  to 
three  feet  in  diameter.  Here,  although  there  is  scarcely  any  dirt  or  gravel, 
but  only  heaps  of  large  stones,  the  white  cedar  flourishes  in  great  abun- 
dance. Passing  over  this  rise  of,  say,  one  hundred  and  fifty  feet,  we  descend 
to  a  stream,  along  the  line  between  sections  14  and  15,  and  ascend  the  next 
range,  which  rises  about  two  hundred  feet.  Its  northern  slope,  like  the 
last,  is  made  up  of  a  mass  of  large  boulders,  without  an  admixture  of  earth. 
Among  them  were  seen  all  the  varieties  of  the  rocks  which  occur  to  the 
north,  but  the  quartz  and  quartzose  rocks  predominated.  The  drift  of  the 
southern  slopes  is  sometimes  coarse,  but  never  coruposed  wholly  of  rounded 
boulders." 

The  lower  portion  of  the  basin  of  the  Menomonee  is,  in  every  respect, 
more  uniform.  As  an  interesting  feature,  however,  may  be  mentioned  the 
occurrence  of  ridges  with  steep  slopes;  which  is  the  more  extraordinary,  as 
the  surrounding  country  is  rather  level.  In  a  pine  opening,  on  the  left 
bank,  three  miles  above  the  upper  saw-mill,  a  ridge  of  this  character  is  seen 
stretching,  for  a  long  distance,  in  a  south-south-west  direction,  about  forty 
feet  in  height  above  the  surrounding  plain,  and  sixty-one  above  the  river, 
the  drift  terrace,  on  which  it  rests,  beinc^  eighteen  feet.  The  avera^re 
width  of  this  ridge  is  about  ten  feet,  and  its  average  slope  from  25^  to  oCfj 
but  its  maximum  is  34°. 

This  ridge  reminded  me  strongly  of  similar  ones  found  in  the  vicinity  of 
Andover,  Mass.,  where  they  go  by  the  name  of  Indian  ridges,  it  having 
been  supposed  by  some  that  they  were  the  work  of  the  aborigines.  It  also 
reminded  me,  more  vividly  than  any  others  which  I  saw  in  the  Wcst,of  those 
curious  ridges  in  eastern  Sweden,  familiar  to  European  geologists,  under  the 
name  of  osars,  or  giant  roads. 

Another  striking  peculiarity  is,  that  the  ridge  itself  is  composed  of  very 
coarse  materi.ils,  vvith  many  pebbles  and  boulders ;  whereas,  the  plateau 
on  which  it  rises  is  composed  of  fine^  homogeneous  sand^  indicating  a  dis> 
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orbed  condition  of  the  waters  posterior  to  the  qmet  deposition  of  the  drift- 
ind. 

Descending  from  the  head  of  the  Menomonee  towards  its  mouth,  the  drift 
eposits  on  its  banks  decrease  in  thickness,  and  at  the  same  time  become 
ner.  This  change  is  peculiarly  striking  in  the  vicinity  of  the  White  rapids, 
here  they  are  seen  at  a  considerable  elevation ;  but,  farther  dovsn,  they 
idom  reach  higher  than  fifteen  or  twenty  feet.  Thcie  is,  however,  one 
ace  in  the  Big  Bend,  below  Kitson's  trading-house,  where  it  is  observed 

a  height  of  nfty-four  feet,  w^hile  at  the  Pemenee  falls,  at  one  place,  the 
ift  terrace  is  only  six  ox  ten  feet  high. 

At  Grand  rapids,  it  is  only  six  feet,  the  material  being  generally  a  fine, 
amy  sand,  with  indistinct  traces  of  stratification  and  cfiagonal  stratifica- 
)n,  such  as  frequently  occurs  in  the  superficial  deposit^.  Occasionally, 
►^^-ever,  the  drift  terrace  rises  to  the  height  of  twenty-five  or  thirty  feet,^ 

for  instance  at  the  saw-mill,  sixteen  miles  above  the  mouth  of  the 
^er. 

Drift-clay  was  met  with  at  four  places  along  the  river,  and  always  near 
e  water's  edge.  The  following  are  the  localities  where  we  observed 
:  near  Menomonee  City ;  at  a  place  some  miles  above  the  saw-mill ; 
flow  Sturgeon  falls  and  at  the  head  of  Sandy  portage,  where  it  occurs ; 
r  some  distance  in  the  bottom  of  the  river,  as  we  had  occasion  to  observe 
hen  poling,  our  poles  sticking  in  the  stiff  clay ;  we  found  it  to  be  very 
Ihesive,  and  of  the  same  red  color  as  that  on  the  borders  of  Lake  Superior, 
Although  the  width  of  the  valley  increases  as  we  descend  the  river,  yet 
is  narrower  than  that  of  some  other  rivers  of  less  importance,  as  for  in- 
ance  that  of  the  Manistee.  There  are  many  places  where  it  is  lined  by 
e  drift  terrace,  on  either  bank;  although,  in  most  cases,  one  bank  is  lined 
ith  drift,  while  the  other  is  alluvial. 

The  phenomena  of  glacial  furrows  and  striae  arc  abundantly  displayed  along 
e  Menomonee,  as  will  be  seen  in  a  subsequent  chapter.  There  are,  be- 
des,  many  localities  where  the  rocks,  without  being  striated,  exhibit  those 
kunded  and  smoothed  outlines,  known  as  fleecy  rocks  {roches  motitonnees), 
id  which,  to  the  geologist,  are  conclusive  evidence  that  the  localities  where 
ley  occur  have  been  subjected  to  powerful  glacial  action.  As  a  locality  w'here 
lis  feature  is  seen  on  a  grand  scale,  I  would  mention  the  portage  around 
turgeon  falls.  The  rock  is  here  composed  of  a  crystalline  talcose  slate, 
imewhat  syenitic  in  its  appearance,  and  which,  from  its  tough  nature,  is 
admirably  fitted  for  resisting  the  destructive  influence  of  the  atmosphere, 
t^hen  walking  over  these  rounded  and  smooth  ledges,  along  the  deep 
basm,  in  which  the  Menomonee  rushes  and  falls  in  a  series  of  cascades,  I 
light  easily  have  imagined  that  I  was  again  wandering  along  one  of  the 
Drrents  of  the  Alps,  so  great  is  the  similarity,  both  in  a  picturesque  and  geo- 
agical  point  of  view ;  but,  above  all,  in  reference  to  these  peculiar  appear- 
Aces  of  the  rocks. 

Drift  of  the  Valley  of  the  Manistee. —  This  river,  which  empties  into 
lake  Michigan,  is  composed  of  two  mam  forks  —  the  one  coming  from  the 
west  and  forming  cm  its  way  the  Manistee  lake ;  the  other  coming  from 
the  north,  where  its  sources  interlock  with  those  of  the  Tequamenon  of 
Lake  Superior. 

The  whole  area  drained  by  thiti  river  is  a  vast  swamp,  the  rocks  bemg 
viable  only  in  a  few  places  in  itf  bed,  where  they  occasionally  give  rise  to 
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rapids;  but  rising  nowhere,  as  far  as  our  investigations  go,  above  the  water. 
The  banks  are  composed  either  of  drift,  or  of  alluvial  deposit.  In  many 
places  there  are  no  banks  at  all,  the  river  winding  its  way  through  a  suc- 
cession of  swamps  and  low  lands.  As  a  farther  peculiarity  of  this  river, 
the  main  rapids  are  near  its  mouth,  there  being  none  in  its  upper  course; 
wherieas,  in  most  rivers  they  are  concentrated  near  their  sources. 

Starting  from  the  saw-mill  at  its  mouth,  we  found  the  river-bed  much 
wider  than  we  anticipated ;  its  brown  swampy  waters  flowing,  with  a  gentle 
current,  between  banks  of  fine  alluvial  sand.  These  are  at  first  only  a  few 
feet  high,  and  of  doubtful  origin ;  but,  ere  long,  they  grow  somewhat  higher 
and  their  true  character  becomes  apparent.  Ascending  first  the  right  tork, 
we  soon  reached  the  Manistee  lake,  with  the  little  thriving  Indian  village 
on  its  northern  shore.  The  Niagara  limestone,  which  appears  in  regular 
and  horizontal  layers  in  several  places,  and  especially  in  the  vicinity  of  the 
village,  is  covered  by  a  layer  of  reddish,  sandy  loam,  containing  granitic 
pebbles,  intermixed  with  those  of  limestone.  We  could  not,  therefore,  fail 
to  recognize  in  it  the  representative  of  the  true  drift,  such  as  is  found  on 
Lake  Superior,  and  on  the  summit  of  the  island  of  Mackinac.  It  seems  to 
afford  a  good  agricultural  soil,  for  we  saw  there,  not  only  potatoes,  but 
also  corn  and  peas  thriving  fii^ely,  cultivated  by  a  settlement  of  Indians, 
who,  to  their  credit  be  it  said,  form  here  an  industrious  and  prosperous  little 
colony.* 

Proceeding  from  the  lake  up  the  river,  we  passed  through  a  low,  marshy 
country,  being  for  many  miles  one  continuous  swamp.     There  are  but  few 

E laces  where  the  banks  rise  much  above  the  river.  Near  the  main  fork, 
owever,  township  42,  range  17,  where  the  river  cuts  through  a  ridge 
about  twenty  feet  high,  the  banks  are  composed  of  fine,  homogeneous  sand, 
apparently  without  stratification,  so  that  it  might  readily  be  mistaken  for 
an  ancient  dune  of  blown  sand.  On  closer  examination,  however,  I  dis- 
covered several  granitic  pebbles,  which  are  sufficient  proof  that  the  whole 
ridge  belongs  to  the  drift. 

We  were  informed  by  Mr.  Merry  weather,  of  the  corps  of  linear  surveyors, 
whom  we  met  here,  that  the  same  character  prevailed  throughout  the  whole 
neighborhood ;  the  country  being  composed  of  swamps  with  occasional  pine 
ridges  similar  to  that  above  described. 

Birift  of  the  Main  Branch  of  the  Manistee. —  The  main  branch  of  the 
Manistee  has  a  more  uniform  character  than  the  one  described  above.  It 
is  a  nuiet  and  fine  stream  without  either  rapids,  narrows,  lakes,  or  islands; 
but  flows  through  a  regular  channel  all  the  way  from  the  confluence  of  the 
left  branch  to  near  its  origin ;  so  that  were  it  not  for  the  rafts  caused  by 
the  accumulation  of  timber,  the  river  would  be  easily  navigable  for  boats 
and  canoes. 

Throughout  its  whole  length,  it  has,  almost  everywhere,  a  well-defined 
margin,  although  of  rather  unequal  height;  high  banks  sometimes  succeed- 
ing abruptly  to  low  ones,  or  the  bank,  on  one  side  being  very  high,  while 
that  of  the  other  is  quite  low.  This  contrast  is  particularly  striking 
vicinity  of  the  Upper  forks.  Here,  however,  it  is  very  crooked,  and  I 
noticed  that  the  high  banks  were  generally  at  the  head  of  the  meanders. 
This  led  me  to  examine  more  closely  into  the  composition  of  both  the 
•         ■  ■ . 

•  They  not  only  cultivate  the  soil  to  supply  their  own  wants,  but,  as  we  were  informed, 
had  saved  some  money  in  order  to  buy  the  land,  when  it  is  brought  into  market. 
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Dr  and  lofwer  bluffs,  and  I  found  that,  whereas  the  latter  were  com- 
d  of  a  loamy  sand  without  any  gravel  or  stones  whatever,  the  higher 
,  although  composed  likewise  of  fine  materials,  contained  in  some 
?s  strata  of  gravel  and  even  pebbles, —  the  latter  being  partly  granitic 
partly  limestone.  We  had,  besides,  noticed  in  several  places  a  layer 
ay  beneath  the  sand  of  the  higher  bluff,  which  was  nowhere  to  be  seen 
e  lower.  Thus,  we  could  not  fail  to  recognize  in  the  higher,  true  drift 
sits,  whereas  the  lower  are  undoubtedly  alluvial.  There  is  occasion- 
some  difficulty  in  ascertaining  this  fact,  on  account  of  the  considerable 
ness  of  thfe  alluvial  deposits  and  their  great  similarity  to  the  true 

le  width  of  the  valley  of  the  Manistee,  which,  according  to  our  estimates, 
iges  nearly  a  quarter  of  a  mile,  is  another  remarkable  feature,  when 
onsider  that  the  valleys  of  other  rivers  of  larger  size,  as  for  instance 

of  the  Menomonee,  are  much  narrower.  There,  we  have  seen, 
in  many  places  the  drift  terrace  occurs  on  both  banks  of  the  river ;  but 
IS  never  the  case  on  the  Manistee,  at  least  not  in  its  lower  and  middle 
ons.  In  consequence  of  the  great  width  of  the  valley,  the  river  fre- 
tly  keeps  at  a  distance  from  either  bluff,  and  is  lined  only  by  alluvial 
s ;  but,  wherever  it  has  a  serpentine  course,  it  invariably  intersects  the 
bluff  at  the  head  of  the  meander. 

is  quite  a  striking  feature  that  the  vegetation  on  the  drift  bluffs,  at 
lead  of  the  meanders,  is  entirely  different  from  that  of  the  opposite 
,  it  being  composed  of  pines  (red  and  white)  with  some  aspen ;  while 
lluvial  bank  opposite  is  invariably  covered  with  elms  and  maples,  and 
times  with  white  cedar.     At  first,  I  ascribed  this  distinction  to  the 

fact  that  the  drift  bank  was  higher  and  dryer,  and,  therefore,  more 
3priate  for  pine  growth ;  but,  afterwards,  became  satisfied  that  the 
position  of  the  drift-soil  was  not  without  its  influence,  for  I  found  the 
(Character  of  vegetation  growing  on  these  terraces,  where  their  level 
not  higher  than  that  of  the  alluvial  terrace.  Thus,  in  descending  the 
,  we  could  always  know,  from  the  mere  appearance  of  the  vegetation, 
her  we  were  upon  the  alluvium,  or  the  drift. 

le  drift  clay,  without  being  as  conspicuous  as  along  Lake  Superior,  is 
marked,  in  many  places,  below  the  drift  sand.  It  does  not  generally 
I  more  than  four  or  five  feet  above  the  river,  although  in  one  place  1 
1  it  to  be  ten  feet  thick.  It  is  very  tough,  and  generally  flesh-colored, 
in  one  instance  it  was  perfectly  white.  There  were  observed,  in 
•al  localities,  rather  coarse  pebbles  of  limestone,  and  even  flat  stones, 
mixed  with  the  upper  layer  of  clay,  near  its  contact  with  the  sand. 
was  especially  the  case  at  the  first  high  drift-bluffs  which  we  met 
,  a  few  miles  below  the  forks,  in  a«cendmg  the  river.  Continuing  on* 
drift-bluffs  increase  in  height.  Between  the  confluence  of  the  two 
r  branches,  ftownship  43,  range  14,)  their  height  is  from  sixty  to 
(ity  feet.  This,  however,  does  not  prevent  the  adjacent  country  from 
J  very  swampy.  Having  been  obliged  to  leave  our  boat,  on  account 
large  raft  near  the  township  line  between  townships  42  and  43,  we 
ded  to  proceed  by  land  till  we  should  find  the  outcrop  of  the  Trenton 
stone.  Having  thus  crossed  the  country  in  several  directions,  we  are 
bled  to  say  that  at  least  one-half  of  the  surface  drained  by  the  left  ' 
ach  of  the  Manistee,  is  composed  of  cedar  swamps.  In  some  places — 
for  instance — in  township  44,  range  13,  the  dry  &po\&  ^\^  %o  \\noX^^ 


L4] 


S40 


that  they  appear  actually  like  islands  in  a  sea,  being  Composed  of  saod- 
ridffcs  covered  with  yellow  and  white  pine. 

A  similar  belt  of  pine  land  lines  the  river,  or  rather  the  valley,  through- 
out its  whole  length,  and  the  approach  to  it  is  always  indicated,  in  this 
region,  by  a  strip  of  dry  soil,  which  is  no  doubt  owing  to  the  drainage. 
The  timber  is,  however,  smaller  than  on  the  rivers  emptying  into  Green 
Bay. 

In  connection  with  this  subject,  I  cannot  refrain  from  alluding  to  a  cir- 
cumstance which  has  often  surprised  and  perplexed  me.  When  we  consider 
the  materials  of  which  the  drift  of  the  Manistee  region  is  composed — ^vcry 
fine,  silicious  sand,  forming  bluffs,  in  some  places  as  high  as  seventy  feet, 
without  any  impermeable  layer  except  the  clay  at  its  base,  which  does  not 
rise  higher  than  ten  feet — it  seems  but  natural  that  the  banks  of  the  river 
should  be  dry  for  a  considerable  distance.  This,  however,  is  not  always 
the  case.  In  climbing  up  the  bluff,  I  was  often  astonished  to  find  that  the 
timbered  portions  occupied  but  a  narrow  belt,  as  it  were  a  mere  embank- 
ment to  the  extensive  swamps  in  the  rear.  This  is  the  case  at  a  locality 
on  the  river,  in  township  44,  range  13.  The  bluff  is  here  some  sixty  feet 
high,  composed,  throughout,  of  nne  sand,  except  at  the  base,  where  there 
is,  a  layer  of  clay  eight  feet  thick.  But,  in  spite  of  that,  the  belt  of  pine 
land  is  less  than  one  hundred  yards  wide ;  it  then  slopes  down  fifteen  feet, 
and  immediately  the  pine  trees  are  replaced  by  cedar  and  tamaracks,  grow- 
ing on  a  wet  ground.  A  distance,  therefore,  of  less  than  one  hundred 
yards  is  suilicient  to  prevent  the  drainage,  although  the  swamp  is  forty-fiie 
feet  above  the  level  of  the  river.  In  order  to  ascertain  if  the  swamp  was 
not  occasionQcl.  by  some  impermeable  layer  near  the  surface,  I  examined 
carefully  the  roots  of  the  fallen  logs,  and  found  them  enclosed  in  the  same 
fine,  silicious  siind  which  forms  the  bluffs.  Having  submitted  the  question 
to  ray  friend  M.  Lesquereux,  of  Ohio,  an  emment  botanist  who  has 
thoroughly  investigated  these  subjects,  I  beg  leave  to  insert  here  his  view's. 
In  a  communication,  dated  December  12,  1850,  he  says: 

"  The  fact  you  point  out  is  not  new ;  it  almost  always  occurs  in  this 
formation  of  peat  bogs,  or,  indeed,  of  cedar  swamps,  which  are  the  same 
thing.  If  you  examined  attentively  what  you  call  the  fine  sa^id  of  the 
banics  of  the  river  Manistee,  I  think  vou  must  have  observed  that  it  is  not 
a  true  sand,  but  a  loamy,  argillaceous,  impermeable  alluvium.  This  sand 
is  found  in  all  the  peat-bo^s  of  Europe :  in  Switzerland,  in  Germany,  in 
Sweden,  in  Denmark  and  Holland  —  everywhere  it  is  the  same.  I  have 
invariably  found,  on  putting  a  handful  or  two  of  this  sand  into  a  funnel, 
that  it  resisted  the  passage  of  water  to  a  really  astonishing  degree.*  But, 
even  supposing  your  designation  to  be  correct,  and  the  sand  of  the  Manistee 
be  really  permeable,  the  following  explanation  is  none  the  less  satisfactory: 
When  a  river  overflows  its  banks,  the  slimy  sediment  is  deposited,  of  course, 
nt  the  edge  of  the  current,  and  where  its  force  ceases ;  and  thus  a  ridge  is 
formed  along  the  banks,  behind  which,  on  the  retreat  of  the  river,  there  re- 
mains stagnant  water.  This  is  the  origin  of  peat-bogs.  The  first  growth 
of  the  still  water  is  the  Chara,  a  plant  of  a  peculiar  composition,  containing 
a  large  quantity  o^f  silica,  and  to  the  decomposition  of  which  I  attribute,  in 
a  great  measure,  the  formation  of  the  clay  found  in  peat-bogg«     The  idea  oi 

*  Tho  Bind  of  tho  Manistee  is  ootirely  different  from  this  loamy  aUnvium  alluded  toby^U* 
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attributing  a  geological  formation  to  vegetable  decomposition  may  seem  to 
jrou  extraordinary,  at  least ;  but,  if  I  am  able  to  complete  my  work  on  the 
influences  of  vegetation,  I  hope  to  establish  this,  and  other  facts  at  least  as 
:urious.  Next  to  the  Chara  comes  the- Sphagnum.  To  enable  these  plants 
:o  grow,  requires  only  a  hollow,  in  which  moisture  can  lodge,  and  a  few 
ragments  of  woody  fibre.  My  examinations  of  these  curious  mosses  have 
)roved  that,  in  moist  climates,  on  the  banks  of  rivers,  or  on  mountains 
:overe(l  with  clouds,  their  existence  and  their  growth  is  by  no  means  neces- 
arily  dependent  upon  the  soil  which  they  cover ;  for  these  mosses,  by  their 
>eculiar  conformation,  are  so  exceedingly  hygroscopic  that  they  imbibe 
aoisture  in  all  parts  of  their  tissue,  both  from  the  base  upwards,  and  by  their 
eaves,  stalks,  &c.  This  peculiarity  is  not  due,  as  some  have  supposed,  to 
mechanical  capillarity ;  but  to  the  nature  of  their  tissue,  to  the  disposition 
>f  their  fibres,  and  to  the  entire  absence  of  chlorophyl,  wherein  these  plants 
esemble  the  most  simple  substances ;  for  vegetable  tissue,  as  you  know,  is 
lygToscopic  in  proportion  to  its  freedom  from  particles  of  a  foreign  nature. 
.  shall  give  a  more  satisfactory  exposition  of  this  matter  in  a,  special  work; 
mt  you  have  often  observed,  without  doubt,  the  curious  hygroscopic  pow- 
T  of  Sphagnum ;  for,  if  you  pull  off  a  tuft,  even  from  the  oriest  part  of  a 
rwamp,  on  pressing  it  between  your  fingers,  you  will  always  find  water 
unning  from  it,  as  from  a  sponge.  These  plants,  in  this  way,  imbibe  mois- 
ure  from  the  atmosphere,  if  they  cannot  obtain  it  from  the  soil.  Thus,  a 
uft  of  Sphagnum,  weighing,  in  a  completely  dry  state,  three  pennyweights, 
welve  grains,  suspencled  in  the  air  during  a  foggy  nieht,  absorbed  seven 
grains  of  water.  On  the  other  hand,  evaporation  by  the  tissue  is  exces- 
tively  slow  and  out  of  proportion  to  the  absoiption.  Another  tuft  of  Sphag- 
lum,  about  twenty-two  inches  in  superficial  extent  and  four  and  one-half 
iigh,  and  weighing,  when  dried,  one  ounce,  twenty-one  penny-weights,  was 
5ut  into  a  vase  having  at  the  bottom  a  hole  of  half  an  inch  in  diameter. 
Through  this  hole,  and  touching  the  water  with  one-fourth  of  a  line  of  the 
»nds  oi  its  stalks,  the  tuft  became  completely  saturated  in  less  than  two 
bours,  having  absorbed  a  pound  of  water.  The  same  tuft,  being  then  exposed 
to  the  air  and  sun  for  thirty-six  hours,  lost  only  five  ounces  by  evaporation. 

Upon  the  basis  of  these  facts,  you  may  easily  follow  the  operations  of 
lature  in  the  formation  of  cedar-swamps. 

When  a  little  water  remains  in  a  hollow,  and  becomes  saturated  with 
bumic  acid,  by  the  decomposition  of  vegetable  substances,  sphagnum  imme- 
diately establishes  itself.     You  know  now  it  grows,  in  compact  tufts,  and 
even  if  the  water  should  escape,  it  will  continue  to  grow,  ar»d  by  degrees 
will  cover  very  dry  soils  ;  for  we  see  it  in  moist  climates,  for  example,  in 
the  mountains  of  Ireland,  in  the  Vosges,  in  the  Harz,  climbing  up  slopes  of 
25°  and  30"^,  and  covering  bare  granite  rocks.     A  little  moisture  on  the 
soil,  in  the  spring,  is  sufficient  to  make  the  spores  germinate,  the  atmos- 
phere furnishing   the   necessary   moisture  for  subsequent  vegetation.      I 
remember,  in  this  connection,  that  one  day  as  I  was  descending  the  slope 
of  the  Brocken,  I  slipped  on  a  wet  rock,  and  coming  down  upon  my  back, 
found  myself  buried  under  a  carpet  of  Sphagnum  more  than  a  foot  thick, 
from  which  I  had  some  trouble  in  extricating  myself. 
You,  yourself,  remark  that  the  pines  are  not  fond  of  moisture.     As  these 

Mses  spread,  they  exclude  the  air  from  the  roots  of  the  pines>  when  they 

^^  di3appear ;  whilst  a  favorable  soil  is  formed  for  thi;  cedarS|  which 
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represent,  in  America,  the  Pinus  pumilio  of  Europe.  On  the  sandy  banks 
of  the  river,  where  the  slope  favors  drainage,  Sphagnum  cannot  grow,  and 
thus  the  pine  and  spruce  thrive. 

You  ask  me  why  it  is  that  the^  Sphagnum  does  not  form  peat  ?  It 
is  because  the  slow  combustion  of  w^ood,  which  forms  this  substance,  can- 
not take  place  except  under  water,  and  where  there  is  a  permanent  supply. 
So  soon  as  it  rmis  off,  the  air  reaches  the  lower  part  of  the  stalks,  the 
increase  of  oxygen  decomposes  and  destroys  them,  so  that,  after  ages  of 
these  little  vegetables,  (w^hich  nevertheless  contain  more  woody  sutetance 
in  proportion  than  the  hardest  oaks  and  pines)  there  remains  only  a  very 
thin  layer  of  black  earth  mixed  with  sand." 

En  resume ;  as  a  peculiar  feature  of  the  drift  of  this  part  of  the  district, 
I  would  farther  mention  the  almost  entire  absence  of  boulders,  either  in  it, 
or  over  its  surface.  In  various  excursions,  we  did  not  observe  more  than 
three ;  the  largest  one,  of  hornblende,  in  township  44,  range  12,  did  not 
measure  more  than  three  feet  in  length. 

DRIFT    OP   THE    WHITE-FISH    RIVER. 

Throughout  the  whole  region  drained  by  the  White-fish  and  its  branches, 
according  to  Mr.  Whitney,  drift  is  spread  over  nearly  the  entire  surface  to 
a  considerable  depth,  so  as  to  effectually  conceal  the  rocks,  except  in  the 
beds  of  the  rivers,  and  other  places  where  it  has  been  removed  by  the 
action  of  water  since  its  deposition.  On  the  trail  from  the  mouth  of  this 
river  to  the  shore  of  Lake  Superior,  opposite  Grand  island — a  distance  of 
some  fifty  miles — ^not  a  rock  in  place  is  to  be  seen  ;  even  boulders  are  few 
in  number.  The  drift  is  spread  very  uniformly  and  evenly  over  the 
southern  portion  of  this  region,  and  is  made  up  of  fine,  reddisn,  ouartzose 
sand,  with  but  few  pebbles,  forming  nearly  level  plains,  covered  with  a  fine 
growth  of  Norway  pines,  particularly  in  township  42,  range  20.     These 

Elains  are  occasionally  varied,  for  a  short  distance,  by  ridges  and  knobs; 
ut,  in  general,  present  a  great  uniformity  and  monotony  of  aspect.  Along 
the  course  of  the  White-fish,  the  drift  has  been  excavated  so  as  to  leave  a 
wide  swamp  on  each  side,  in  which  the  rock  lies  near  the  surface.  The 
thickness  of  this  sandy  deposit  is  from  fifty  to  one  hundred  feet.  As  we 
approach  Lake  Superior,  the  country  becomes  more  broken  and  diversified 
wtih  ridges,  but  is  still  deeply  covered  with  drift.  A  few  granite  boulders 
are  seen,  even  on  the  highest  point  of  the  dividing  ridge,  which  is  not  over 
four  hundred  feet  above  the  lake.  The  same  sandy  plains  <>xtend  west, 
through  townships  44  and  45,  to  the  Escanaba,  and  cover  several  hundred 
square  miles.  The  same  is  true,  also,  of  the  region  lying  to  the  east  of 
the  White-fish,  and  that  about  the  sources  of  the  Manistee.  The  descent 
of  these  streams  is  gentle,  and  little  broken  by  rapids. 

DRIFT   ALONG   THE   ESCANABA. 

The  drift  along  the  Escanaba  resembles,  in  many  respects,  that  of  the 
Menomonee  and  of  the  Manistee,  as  will  be  seen  from  the  following  obser- 
vations, made  by  Mr.  iHall : 

"  At  the  mouth  of  the  Escanaba,  and  along  the  west  side  of  Little  Bay 
deg  Noquets,  there  is  a  great  accumulation  of  fine  drift^  mostly  sand  above. 
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beloi^r.     Above  the  first  fall  of  the  river,  and  particularly 

miles  from  the  mouth,  there  is  much  coarse  drift,  covered  by 
s,  fifty  feet  or  more  deep.  Beyond  this  place,  to  the  second 
jeveral  miles  above,  in  fact  to  the  forks  of  the  river,  there  is 
drift  visible,  the  rock  being  covered  merely  by  a  deposit  of 

from  two  to  four  feet  thick.  Above  the  forks,  we  again  find 
I  and  small  pebbles,  the  lower  part  coarse  all  the  distance, 
iction  of  the  stratified  rocks  with  the  igneous,  or  from  the 
I  last  saw  the  stratified  rocks,  until  I  came  to  the  igneous 
accumulation  of  drift  is  greatest.  Just  below  the  syenitic 
id  ridges  of  drift  from  twenty  to  fifty  feet  high,  some  distance 
r.  I  examined  these,  supposing  that  they  might  be  of  rock, 
thing  except,  here  and  there,  a  boulder.     I  learned  from  Mr. 

the  sand  continues  from  the  mouth  of  the  river  northward, 

to  within  a  few  miles  of  the  eastern  branch  all  the  way  to  the 

lat,  on  the  west  side,  this  kind  of  drift  is  hardly  seen  below 

less  farther  than  he  had  penetrated,  or  farther  than  I  travelled, 

I  saw  the  same  kind  of  material  at  Fort  river.     I  saw  no 

except  at  the  meadow,  nine  miles  above  the  mouth,  where  it 
th  gravel,  with  sand  above." 


GLACIAL   FURROWS    AND    STRIJE. 

menon  of  glacial  furrows  and  striae,  on  the  southern  slope  of 
linsula  of  Michigan,  is  much  more  marked  than  might,  at  first, 
considering  that  the  prevailing  rocks  are  limestone,  of  a  more 
ctible  kind. 

om  Mackinac  westward,  we  noticed  glacial  furrows  in  the  fol- 
ties: 

bottom  of  St.  Martin's  Bay,  two  miles  north  of  Pine  river,  on 
3sed  of  almost  horizontal  ledges  of  limestone.  The  surface  of 
well-polished,  with  many  distinct  furrows,  some  of  them  mea- 
uarter  of  an  inch  in  width,  and  extending  over  wide  areas. 
e  direction  is  from  east  to  west,  some  running  N.  80°  E.,  and 
,  and  8.0*'  E.  There  are,  besides,  well-defined  troughs,  occur- 
me  direction. 

nent  Point,  the  rocks  are  distinctly  smoothed  and  rounded,  in 
lany  small  cavities  which  are  scattered  through  them.     At  the 
2  cove,  the  furrows  are  very  distinct ;  but,  at  the  Point  itself, 
2ated  chiefly  by  a  greater  regularity  of  the  small  cavities.  One 
believe  that  the  formation  of  the  latter  had  been  influenced  by 
the  direction  being  from  N.  50°  to  N.  60°  E. 
bottom  of  Big  Bay  des  Noquets,  on  the  west  shore  of  the 
,  there  are  seen  distinctly  polished  and  striated  surfaces  on  a 
nestone  belonging  to  the  Hudson-river  group.     The  direction 
which  are  here  rather  fine,  is  from  east  to  west, 
mouth  of  the  Escan&ba,  in  Little  Bay  des  Noquets,  the  surface 
on  limestone  ledges  was  observed  by  Messrs.  Whitney  and 
i  several  places,  most  admirably  polished,  with  fine  stria*  run- 
ist  and  south-west. 
c  Orchard^  on  the  west  shore  of  Green  B«l^>^^  VsvjaA  >^i^ 


[4  ] 


244 


direction  of  the  stria,  which  are  here  very  distinct^  from  N.  13*  to  N. 
20°  E. 

6.  The  banks  of  the  Menomonee  afforded  various  opportunities  for  ob* 
serving  the  effects  of  glacial  agents  on  the  rocks. 

At  the  saw-mill,  near  the  mouth  of  the  river,  the  strata  of  Trenton  lime- 
stone are  distinctly  polished,  and  marked  by  striae  running  nearly  east  and 
yKest,  At  a  locality  six  miles  above  Kitson's  trading-house,  there  may  be 
seen,  in  the  river,  several  islands  of  tough  talcose  slate,  most  admirably 
polished  and  rounded  {moutonnes)^  with  indications  of  stria  running  E.N.E. 
and  W.S.W. 

At  another  locality,  three  miles  above  Sturgeon  falls,  the  striae  occur  on 
a  very  hard  greenstone  rock,  running  N.  65°  E. 

At  the  foot  of  the  lower  Bekuenesec  falls,  on  a  hard  talcose  rock;  dire^ 
tion  N.  70°  E. 

At  the  lower  Twin  fall  there  are  smoothed  and  fleecy  rocks,  with  stria 
running  from  N.  60°  to  N.  70°  E. 

Finally,  the  upper  Twin  falls  deserve  a  special  notice,  there  being  no 
other  place  along  the  river,  and,  I  may  say,  in  the  whole  district,  where 
glacial  phenomena  are  more  distinct  than  at  the  foot  of  this  fine  cascade. 
The  rock,  a  hard  and  black  slate,  is  so  well  polished  that  it  glitters  in  the 
sun  like  a  mirror,  and  most  of  the  striae  are  as  distinct  as  if  they  had  been 
engraved  but  yesterday.  Their  direction  is  from  N.  65°  to  N.  70°  E.  I 
noticed,  however,  that  the  polish  and  striae  did  not  extend  beneath  the 
water,  but  that  the  surface  of  the  rock  was  rough,  and,  as  it  were,  corru- 
gated, so  far  as  the  waves  caused  by  the  cascade  reached.  A  conclusive 
proof  that  they  had  not  been  formed  by  water. 

There  are,  besides,  many  places  where  the  ledges  are  merely  rounded 
or  moutonnesy  the  structure  of  the  rock  having  been  too  coarse  to  retain 
the  striae;  as,  for  instance,  at  Pemenee  and  Quiver  falls,  and  especially  over 
the  portage  of  Sturgeon  falls.     The  rock,  at  this  latter  place,  being  coarse- 

trrained  and  highly  crystalline  (a  kind  of  protogine),  and  its  rounded  out- 
ine  looking  like  a  succession  of  large  wool-sacks,  heaped  up  one  above  the 
other,  remmded  me  strongly  of  the  similar  masses  w^hich  I  had  observed 
near  the  Scandinavian  cascade  of  Trolhatta. 

In  addition  to  the  above  localities,  I  may  be  allowed  to  mention  here  the 
following,  which  were  observed  by  Messrs.  Hall  and  Whittlesey,  on  their 
way  from  Green  Bay  south-westward,  in  Wisconsin. 
.    At  Mehoggan  Point ;  large  polished  surfaces,  with  striae  running  N.E.  by 
E.  and  N.N.E. 

At  Mehoggan  falls,  on  Niagara  limestone,  the  striae  running  N.E.  by  N. 

At  a  locality  three  miles  west  of  Milwaukee,  polished*  slabs  of  Niagara 
limestone,  with  striae  bearing  N.E. 

At  Strong's  landing,  (Fox  river),  on  metamorphic  slate,  N.E.  by  E. 

By  comparing  the  direction  of  the  striae  in  the  various  localities  above- 
mentioned,  it  will  be  seen  that  their  average  distribution  is  from  N.E.  to 
S.W. — the  extreme  deviation  being  N.70°  to  80°  W.;  whereas,  no  locality 
was  noticed  with  striae  running  west  of  north,  or  even  north  and  south. 
This  average  direction  agrees  very  well  with  the  prevailing  direction  on  the 

•  I  visited  this  locality  myself,  the  year  previously,  in  company  with  Mr.  Lapham,  and, 
having  taken  the  exact  bearing  Qf  tbe  slrifD  fit  the  top  of  a  quarry  close  by  the  road,  Ibimd  il 
toheN.eO^E. 
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ithem  slope  of  Lake  Supenor,  as  described  in  mj  report  for  1849.  The 
y  difference  to  be  noticed  between  the  two  slopes  is  this:  that  while  there 
:,  on  the  shore  of  Lake  Superior,  some  sets  of  stria!  running  north  and 
ith,  we  find  here,  on  Lake  Michigan,  other  sets  running  east  and  west, 
t  the  prevailing  direction,  in  boln  districts,  is  the  same;  thus  showing 
it  the  agent  which  engraved  them,  whatever  may  have  been  its  nature, 
led  independently  of  tiie  inequalities  of  the  soil ;  for  even  the  high  ridge, 
tween  the  two  slopes,  did  not  interfere  with  its  direction. 


ROCKS   BKOKEN   BY   DEIFT   AGENCIES. 

In  connection  with  this  general  direction  of  the  drift  agencies  from  north 
1  soQth,  as  indicated  by  the  direclion  of  striffi  and  furroTt-s,  as  well  aa  by 
le  transportation  of  the  boulders,  I  would  mention  another  very  curious 
;ature,  which  was  noticed  on  the  southern  shore  of  Lake  Superior.  Near 
he  Jackson  forge,  on  Carp  river,  the  talcose  slates  are  seen  in  a  low  ridge, 
^here  the  rock  lias  been  quarried,  to  some  extent,  for  building  the  forces. 
The  slales  stand  neariy  vertical ;  but  the  upper  portion  of  the  ledge  is  seen 
0  have  been  abruptly  broken  off  at  a  depth  from  ten  to  fifteen  feet  be- 
ow  the  surface.  The  broken  and  shattered  portion  of  the  rock  has  been 
Mrried  forward  in  the  direction  of  the  drift- current,  and  lies  embedded  in 
Ihe  drift,  on  the  southern  side  of  the  ndge,  as  represented  in  the  annexed 
figure  1 

Fig.  23 


Broken  Strata  at  Jackson  Forge. 
1.  Slates.  2.  DrUt-gnTel- 

Similar  fractures  of  the  strata  have  been  noticed  in  other  regions.  One 
"f  particular  interest,  from  its  extent,  occurs  at  Guilford,  Vt.,  at  a  locality 
Ifwwn  as  the  Bruce  slate-quarry,  and  has  been  fully  described  by  President 
Hitchcock,  in  his  report  on  the  geology  of  Massachusetts.  The  cause  of 
lis  curious  phenomenon  was  considered  hy  him,  in  accordance  with  the  views 
?f  Mr.  Darwin,  to  have  been  the  sudden  impact  of  a  large  mass  of  floating 
"x  against  the  projecting  ridge.  What  gives  a  peculiar  interest  to  the 
'foken  strata  at  the  Jackson  forge,  is  the  fact  that  the  broken  m.isscs  of 
slate  have  been  carried  forward  in  the  direction  of  the  drift  current,  and 
*re imbedded  in  strata  of  drift,  as  seen  in  the  diagram,  thus  showing  that 
•lie  break  must  have  taken  place,  previous  to,  or  rather  during,  the  deposi- 
^on  of  the  drift — the  broken  portions  being  both  overlaid  and  underlaid  by 
''■  The  extent  of  the  broken  strata  is,  in  itself,  sufficient  evidence  that 
otitUug  but  a  sudden,  or  violent  stroke,  such  a  one  as  we  mi^bl  m&^^xA 
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"would  be  caused  by  the  shock  of  an  iceberg, — wo\ild  account  for  sucli  a 
break.  On  the  other  hand,  the  sharp  edges  of  the  broken  portions,  and 
the  manner  in  which  they  are  found  abutting  against  the  vertical  strata, 
show  that  they  must  have  been  buried  in  the  drift,  soon  after  the  fracture 
took  place. 


Origin  or  the  limestone  pebbles  in  the  drift  of  lake  superior. 

It  is  not  uncommon  to  find  limestone  pebbles  intermixed  with  the  granite 
pebbles  and  boulders,  in  the  drift  of  the  upper  lakes.  Along  Lake  Michi- 
gan, their  occurrence  is  easily  accounted  for  by  the  fact  that  the  rock,  tn 
situ^  is  mostly  limestone.  It  is  not  so  in  regard  to  those  found  alonsj  the 
beaches  and  terraces  of  Lake  Superior.  Limestone  is  nowhere  to  be  lound 
on  the  north  shore  of  that  lake,  and,  on  the  south  shore,  we  know  there 
occur  merely  some  isolated  patches  in  Sturgeon  valley,  belonging  to  the 
lower  Silurian,  from  which  the  pebbles  along  tie  beach,  both  on  the  north 
and  south  shore,  are  entirely  different,  both  in  their  lithological  character, 
and  in  their  fossils.  They  are  of  a  pure  white  limestone,  and  contain  fossils 
which  are  characteristic  of  the  Niagara  group,  such  as  Cyathophyllum, 
FavositeSy  &c.,  which  are  occasionally  so  well  preserved  that  they  can  be 
identified  without  the  least  difficulty.  Among  the  specimens  collected  on 
the  south  shore,  near  the  mouth  of  Chocolate  river,  there  is  a  specimen  of 
Favosites  four  inches  m  diameter,  which  is  so  well  preserved,  that  its  finest 
partitions  are  recognizable. 

The  question  naturally  suggests  itself,  where  is  the  source  from  which 
they  were  derived  ?     There  having  been  thus  far  no  indications  of  aiijr 
limestone  formations  north  of  Lake  Superior,*  it  was  suggested  by  soro^ 
that  they  might  possibly  have  come  from  the  limestone  districts  to  the  soutb. 
and  south-east ;  such  a  supposition,  however,  would  have  been  in  direct- 
opposition  10  what  we  know  of  the  general  course   of  the  drift  agencies^ 
Rather  than  adopt  such  an  opinion,  I   preferred  to  derive  these  limestont^ 
pebbles  from  some  distant  portion  of  the  British  territory,  where  siraila** 

•  From  iuformation  derived  from  Mr.  Ballcnden,  of  the  Hudson's  Bay  Company,  ^f*=^ 
became  aware,  several  years  ago,  of  the  occurrence  of  the  Silurian  and  Devonian  series,  or» 
the  northern  slope  of  the  axis  between  Lake  Superior  and  Hudson's  Bay.  These  series  art? 
Intersected  in  crossing  from  Michipicotcn  river  to  James'  Bay,  the  southern  arm  ofUu^l 
Bon's  Bay.  Mr.  Ballenden  described  the  strata  on  tlie  shores  of  Lake  Winnipeg,  as  con  ^ 
fiisting  of  limestone,  in  nearly  horizontal  strata,  filled  with  fossils.  Within  the  last  year-* 
Sir  John  Richardson,  in  the  Quarterly  Journal  of  the  Geological  Society,  mentions  that  tht^ 
Silurian  series  occur  on  both  sides  of  the  axis,  in  an  undisturbed  position,  and  continue  u-^ 
the  Arctic  Ocean.  The  fossils  found  in  the  superficial  deposits  along  the  shores  of  Lak^* 
Superior,  are  not  exclusively  confined  to  the  Niagara  limestone,  but  range  from  the  Devoiii«"» 
to  the  Trenton  limestone.  Some  of  the  cyathophylla  are  fcom  the  Devonian,  while,  at  tlfC? 
month  of  Black  river,  in  the  south-west  extremity  of  the  lake  we  have  collected  one  or  twt^ 
trilobites,  as  old  as  the  Hudson-river  group.     When  we  vconsider  the  relative  positions  (f  ^ 


they  ^      .  , 

which  their  transport  is  supposed  to  have  l>een  eff*ected,  must  have  swept  in  a  course  a  if^^ 
degrees  south  of  west,  a  course  not  coincident  with  the  striic  on  the  rocks.  Since  k  is  prdtl-^ 
certain  that  we  have  a  belt  of  Silurian  rocks  on  the  north  of  the  brim  of  Lake  Superior  9 
there  is  little  difficulty  in  accounting  for  the  presence  of  fossils  in  the  transported  nmtcrinK  " 
Those  of  the  Niagara  group  are  more  abundant,  for  the  reason  that  they  are  generally  sils  -^ 
,ciSed,  whereas  those  of  the  Hudson-river  group  arc  not,  and  therefore  more  liable  to  l^' 
ground  up  and  destroyed,  f .  &  *V. 
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estones  are  said  to  occur  along  the  north-western  lakes  and  the  Macken- 
river ;  although  I  could  not  but  confess  that  their  transportation  from 
h  a  distance  was  rather  uncommon. 

y  1  the  diflSculties  have  since  been  removed  by  the  recent  discovery  made 
the  Provincial  Geologist  of  Canada,  Mr.  Logan,  of  an  extensive  deposit 
white  Niagara  limestone  on  Lake  Temiscomeng,  fifty  miles  north  of 
orffian  Bay ;  and  since  the  rock,  according  to  Mr.  Logan,  presents  the 
ae  lithological  features  which  are  exhibited  bjr  the  fragments  scattered 
oughout  the  drift  and  alluvium  of  Lake  Superior,  there  can  be  hardly  a 
abt  as  to  this  being  the  source  from  whence  the  latter  have  been  derived, 
lis  is  the  more  satisfactory,  as  Lake  Temiscomeng  is  situated  to  the  north- 
st  of  Lake  Superior,  in  a  direction,  which,  as  has  been  shown  in  the  pre- 
3US  pages,  is  also  that  to  which  most  of  the  striae  of  this  district  seem  to 
lint,  thus  showing,  that  the  two  operations  —  the  grooving  of  the  rocks 
id  the  transportation  of  the  materials  —  have  taken  place  in  the  same 
irection  from  north-east  to  south-west. 


\ 
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CHAPTER  XV. 

StPERFlCIAL  DEPOSITS— CoNTtwio. 
BY  E*  DESOR. 

Terraces  of  Mackinac, —  Their  Composition, —  Their  Similarity  trffi 
those  of  the  Baltic i, —  Terraces  of  the  adjacent  Coasts  and  Islands.-- 
Their  relativp.  Age* —  Lacustrine  in  their  Origin, —  Denudation  of  ik 
Drift, —  The  Period  of  its  Denudation, 

Terraces  of  Mackinac, —  In  ray  last  report,*  I  briefly  alluded  to  tlie 
gravel  terraces  which  skirt  this  island,  as  among  its  most  remarkable  fea- 
tures. At  that  time,  the  age  of  the  corresponding  terraces  of  Lakes  Huron 
and  Erie  had  not  been  ascertained,  nor  was  it  known  whether  they  were  of 
marine  or  fresh-water  origin.  I  therefore  refrained  from  entering  into  any 
speculations  as  to  their  precise  age,  but  merely  stated  that  they  were  more 
recent  than  the  drift,  and  ranked  them  among  the  alluvial  deposits. 

Meanwhile,  Mr.  Whittlesey  has  succeeded  in  finding  fresh-water  sheik  in 
the  clay  and  loam  deposits  of  the  south  shore  of  Lake  Erie,  and  was  led  to 
infer  that  they  belonged  to  the  age  of  those  lacustrine  deposits  in  the  valley 
of  the  Rhine,  known  as  loessy  which  are  intermediate  betwepn  the  drifl  and 
recent  alluvium. 

Although  the  terraces  of  Mackinac  differ  widely  in  composition  from  the 
loam,  or  loess,  of  Lakes  Erie  and  Huron,  yet,  the  fact  that  both  are  poste- 
rior to  the  drift  and  occur  at  similar  heights  on  the  coast  of  the  same  lake, 
seems  to  warrant  the  conclusion  that  they  may  have  been  simultaneous. 
The  next  inquiry  would  be,  how  far  their  peculiarity  of  structure  can  be 
accounted  for  by  their  insulated  and  exposed  position  in  the  straits.  This 
island,  situated  at  their  eastern  entrance,  is  as  interesting  in  a  geological,  as 
in  a  picturesque  point  of  view.  It  rises  to  the  height  of  three  hundred  and 
fifteen  feet,  and  its  base  and  precipitous  cliffs,  occasionally  crowned  vrith 
clumps  of  foliage,  at  once  arrest  the  attention  of  the  traveller,  more  espe- 
cially since  the  whole  western  coast  of  Lake  Huron  is  low  and  void  of 
Bcenic  interest. 

The  bketch  on  the  following  page  (Fig.  24)  represents  a  distant  view  of 
the  island,  approaching  from  the  eastward.  Its  main  features,  when  seen 
from  the  wharf,  at  first  appear  exceedingly  simple.  A  cliff  of  limestone, 
white  and  weather-beaten,  with  a  narrow,  alluvial  plain  skirting  its  base,  is 
the  fii-st  thing  which  commands  attention;  but,  when  following  along  the 
gently  curving  bay,  towards  the  Mission  house,  if  the  geologist  happens  to 
cast  his  eye  upon  the  terrace*  which  rises  in  the  rear  of  the  house,  he  will 
notice  that  the  cliff  is  no  longer  composed  of  solid  rock,  but  of  loose  mate- 
rials consisting  of  limestone-gravel,  with  larger  pebbles  intermingled  —  dif- 
fering in  so  marked  a  degree  from  all  other  detrital  deposits  seen  along  the 
shores  of  the  upper  lakes,  that  his  curiosity  is  at  once  aroused.  He  would, 
.  I  ■■  '      ■  ■ -I    .      ■    .     .         .  ■         ,.  .11      , 1, ,  .     ,     ,  .  , 
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at  first  si^t,  be  disposed  to  class  it  'with  alluTinni,  wtr«  it  not  for  the  height 
at  which  it  occura,  namely,  eighty  feet. 


These  loose  piaterials  disappear,  as  soon  as  we  reach  the  top  of  the  ter* 
race,  beitig  merely  lieapeil  up  against  the  cliff,  so  as  to  form  an  external  ' 
covering,  and  are  also  lost  sight  of  in  going  southward  towards  the  fort. 
If,  from  this  point,  we  proceed  towards  the  signal  at  the  summit  of  the 
island,  we  find  at  first  the  surface  of  the  plateau  destitute  of  detrital  male- 
dak,  with  the  exception  of  a  few  isolated  boulders.  It  is  only  when  ap- 
proaching the  foot  of  the  signal,  that  they  ri-appcar;  but  essentially  difie- 
rent  in  composition,  being  composed  of  relied  inalerials,  as  stated  in  a 
former  report,  characteristic  of  the  true  drift.  It  is  evident  to  the  observer 
tlat  deposits  so  essentially  different  cannot  belong  to  the  same  period. 

If,  from  the  harbor,  we  follow  the  coast  south-wcsfwardly,  towards  the 
headland  known  as  Lover's  Leap,  we  meet  with  features  still  more  inte- 
resting. Instead  of  one  terrace,  we  meet  with  a  series  of  them,  the  relative 
position  of  which  is  indicated  in  the  following  topographical  sketch : 

Fig.  25 


Topographical  Sketch  of  Mackinac, 
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The  terraces  arc  most  striking  in  the  immediate  vicinity  of  the  p^oIno^ 
tory,  where,  from  their  being  crowded  together  in  a  narrow  space,  they 
appear  like  a  gigantic  stair-case.  They  are  less  distinct  in  the  vicinit)'  of 
the  village,  on  account  of  their  being  farther  apart,  still  there  is  no  difiSculty 
in  tracing  the  principal  levels,  as  will  be  seen  by  the  sections  below,  (Figs, 
26,27.) 

The  materials  composing  these  terraces  are  limestone-gravel,  with  hardly 
any  admixture  of  foreign  rock ;  which  is  the  more  remarkable,  since  there 
are  many  granite  pebbles  and  boulders  in  the  drift,  at  the  summit  of  the 
island. 

In  surveying  the  position  and  structure  of  these  terraces,  which  contract 
near  the  head,  and  expand  under  the  lee  of  the  promontory,  we  become 
convinced  that  they  were  formed  by  a  current  setting  from  the  south-west, 
which,  after  having  passed  the  point,  subsided  in  velocity  and  dropped  the 
materials  transported  from  the  adjacent  shores. 

The  following  sections  (Figs.  26, 27),  taken  at  two  different  places  across 
them  (a-6  and  o-rf.  Fig.  25)  exhibit  the  relative  height  and  width  of  the 
terraces  at  these  points : 

Fig.  26.  Fig.  27. 


Fig.  26.  Section  along  the  line  ab,\n  Fig.  25. 
Fig*  27.  Section  along  the  line  edyia  Fig.  25. 

The  first  section  was  taken  immediately  east  of  the  Lover's  Leap,  where 
the  terraces  are  in  close  proximity.  Starting  from  the  beach,  which,  at  the 
time  of  the  measurement  (June  22, 1849,)  was  five  feet  above  the  lake-level, 
we  found  the  following  order  of  succession : 

No,                                                                                                    Width,  Height. 

1.  A  terrace 10  fbet.  9.5 

2.  ♦*      "      , 10    «  22. 

8.  «      «      more  distinct 60    "  42. 

4.  «      "     with  a  slope  of  60° .65    "         105. 

5.  Summit  of  a  limestone  ridge 147. 

In  the  next  section,  the  two  upper  terraces  preserved  the  same  level,  but 
they  are  farther  apart. 

The  third  terrace  whidh,  in  Fig.  26,  is  only  fifty  feet  wide,  here  assumes 
a  width  of  three  hundred  and  fifty,  while  the  two  lower  are  replaced  by  a 
succession  of  ridges,  with  double  slopes,  like  recent  beaches. 

There  can  be  no  doubt  that  this  change  is  owing  mainly  to  the  configura- 
tion of  the  coast.  By  referring  to  the  diagram  (Fig.  25),  it  will  be  seen 
that  the  cliff  recedes,  as  we  proceed  N.E.,  and  thus  a  wider  space  is  allotted 
for  the  expansion  of  the  materials ;  and  as  the  current  abated  in  velocity,  it 
lost  its  excavatory  power,  and  hence  the  terraces  expand  in  width,  until, 
farther  on,  where  the  wearing  ceased  altogether,  they  disappear  and  are  re- 
placed by  unaltered  beaches. 

Along  the  south-western  shore  of  the  island,  there  are  no  indications 
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rhatever  of  terraces;  but  the  northern  shore  is  lined  with  a  succession  of 
Baches,  not  unlike  those  before  described,  except  that  they  extend  over  a 
ider  area.  Along  the  road  leading  to  the  British  landing,  they  occupy  a 
)ace  not  less  than  three-fourths  of  a  mile  in  width,  extending  nearly  to  the 
rm-house,  where  the  boulders  reappear.  There  is  here  a  remarkable  ridge 
'  large  limestone  pebbles,  which  appears  to  correspond  witJi  the  highest 
Trace  on  the  opposite  side  of  the  island,  and  to  niark  the  limit  between  the 
-ift  and  the  ancient  beaches.  The  exact  level  at  which  the  latter  disappear 
1  the  north  side  of  the  island  was  not  determined  with  precision,  but  was 
itimated  at  seventy  or  eighty  feet.  As  will  be  seen  by  the  following 
agram,  which  represents  a  section  of  the  island  of  Mackinac,  there  is 

Fig.  28. 
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Section  of  the  Island  of  Mackinflc, 

a  most  striking  contrast  between  the  two  shores.  On  the  one  side,  we 
have  distinct  terraces  with  stair-like  slopes,  and  on  the  other  a  series  of 
beaches  with  gentle  slopes ;  and  yet  the  materials  of  bot^  are  identical. 
This  difference  is  chiefly  owing  to  the  form  of  the  coast.  On  the  southern 
side,  where  the  space  Ls  narrow  and  the  slope  abrupt,  there  was  a  wearing 
off  of  the  beach  after  the  upheaval  of  the  land.  These  terraces  are  due  to 
successive  upheavals,  and  the  base  of  each  marks  the  limit  of  the  periods  oi 
repose.  On  the  northern  side,  the  coast  is  low,  presenting  a  long  and  gen- 
tle slope.  There  was,  therefore,  room  enough  for  the  formation  of  beaches 
at  each  change  of  level,  which,  after  haying  been  raised  above  the  reach  of 
the  waves,  remained  unaltered.  Hence,  a  succession  of  uniform  beaches  is 
produced  on  those  parts  of  the  island  exempt  from  the  wearing  action  of 
currents,  but  those  portions  exposed  to  tliis  action  are  characterized  by  ter- 
races. 

These  beaches  gradually  decrease,  as  traced  from  the  British  landing,  and, 
^er  having  turned  the  north-east  corner  of  the  island,  entirely  disappear — 
the  shore  being  again  lined  with  high  limestone  cliffs,  which  extend  uninter- 
ruptedly to  the  eastern  promontory  known  as  Robinson's  Foll^.  Yet  this 
J^nion  of  the  island  is  not  entirely  destitute  of  detrital  deposits,  for  there 
^  to  be  seen,  a  short  distance  beyond  the  Arched  Rock,  a  terrace  with  steep 
^^opes,  consisting  of  limestone  pebbles,  and  rising  to  the  height  of  about 
twenty  feet ;  its  top  and  sides  are  overgrown  with  large  trees,  showing  that 
^tis  not  of  very  recent  origin.     Like  the  terraces  at  Lover's  Leap^  it  abutt 
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against  a  promontory ;  and  as  it  does  not  extend  beyond,  it  is  evident  that 
its  formation  is  due  to  the  shelter  afforded  by  it ;  the  cave  in  the  rear 
causing  an  eddy,  in  which  the  currents  deposited  a  part  of  their  matenals. 
This  is  farther  confirmed  by  the  fact  that  there  is  a  recent  beach,  of  con- 
siderable extent,  abutting  against  the  promontory,  and  separated  from  the 
terrace  by  a  small  marsh. 

The  most  important  feature,  however,  is  the  fact  that  both  beach  and 
terraces  occur  on  the  north-west  side  of  the  promontory,  thus  showing  con- 
clusively that  they  were  formed  in  the  Ice  of  the  east  wind  ;  whereas  the 
terraces  of  Lover's  Leap,  as  well  as  the  beaches  on  the  north  side,  near  the  , 
British  landing,  were  evidently  in  the  lee  of  the  south  wind.  This  is,  m 
itself,  sufficient  evidence  that  the  gravel  terraces,  like  the  actual  beaches, 
were  accumulated  under  the  influence  of  local  causes,  at  a  time  when  the 
topographical  features  of  the  region,  and  the  distribution  of  the  winds,  must 
have  been  very  similar  to  what  they  now  are. 

It  will  not  be  uninteresting  to  compare  these  observations  with  similar 
ones  made  by  Sir  R.  Murchison  on  the  island  of  Gothland,  in  the  Baltic  :* 

"  In  many  ancient  bays  (of  Gothland),  where  the  coasts  do  not  present 
bluff-cliffs  washed  by  the  Baltic,  like  Hog-Klint,  on  the  east  coast,  and 
Mount  Hoburg  on  the  south,  terraces  of  water-worn  and  flattened  shiD£;le 
are  exhibited  at  heights  of  twenty  or  thirty  feet  above  each  other,  of  which 
four  or  five  may,  in  some  places,  be  counted,  between  a  low  interior  (or  an- 
cient) cliff  or  scar  of  limestone  and  the  present  sea,  to  which  there  is  usually 
a  long  slope  from  the  lowest  of  these  terraces.  The  inland  cliffs  or  scars 
present,  in  many  places,  the  aspect  of  having  been  washed  by  the  wavefj, 
and  the  different  terraces  of  shingle,  (each  having  a  level  surface,  and  each 
exactly  like  that  which  the  sea  washes  at  its  present  level)  bespeak  as  many 
distinct  upheavals,  and  are  evidently  quite  unlike  anything  which  could  have 
resulted  from  the  gradual  upraising  of  the  island.  As  the  nature  and  rela- 
tive position  of  numerous  raised  sea-beaches,  or  shingle  banks,  in  different 
parts  of  Norway  and  Sweden,  lead  to  the  same  conclusion ;  the  bearing  of 
this  view  upon  our  subject,  consists,  not  merely  in  establishing  a  submarine 
condition  of  things,  totally  irreconcilable  with  the  application  of  former 
glaciers  to  such  tracts,  but  is,  as  will  be  seen,  of  some  theoretical  value  in 
accounting  for  the  motive  power  of  those  waves  of  translation,  to  which  I 
have  elsewhere  referred,  and  which,  independent  of  all  glacial  action,  may, 
by  sudden  upcasts,  have  produced  the  violent  transport,  and  consequent 
rounding  and  rolling  onwards  of  much  gravel  and  detritus. 

"  Now  it  is  important  to  observe,*  that  these  terraces  in  Gothland,  simply 
consist  of  the  limestone  locally  rolled  and  flattened  into  shingle,  such  as  w 
actually  formed  on  the  sea-beach ;  and  it  is  only  after  having  passed  over 
them,  and  when  we  have  reached  to  the  height  of  a  hundred  feet  more,  that 
we  meet  w  ith  the  "Osar"  drift  of  foreign,  coarser  boulders,  mixed  with 
limestone  debris,  and  surmounted  here  and  there  by  great  angular  blocks." 

So  striking  is  the  resemblance  between  these  two  localities,  that  we  need 
only  substitute  the  island  of  Mackinac  for  that  of  Gothland,  to  have  a  true 
picture  of  the  relation  between  the  drift  and  the  gravel  terraces.  It  is  true, 
the  shingle  beaches  of  Gothland  do  not  attain  so  high  a  level  as  those  of 
Mackinac ;  but  the  height  of  thirty  feet  is  sufficient  to  warrant  the  conclu- 
sion that  they  have  not  been  heaped  up  by  the  mere  action  of  the  wavea 

*  Quartorljr  Joumftl  of  Lond.  Geol.  Society,  1846,  p.  SdO 
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and  surf;  but  that  they  must  have  undergone  an  upheaval  since  their 
deposition,  which  brings  them  into  the  same  category  with  the  terraces  of 
Mackinac. 

Terraces,  in  every  respect  similar  to  those  of  Mackinac,  occur  on  the 
neighboring  coasts  and  islands.  On  Round  island  they  attain  an  elevation 
of  forty-six  feet,  by  the  south  shore,  between  the  two  hooks.  On  the  west 
coast,  Mr.  Whittlesey  found  them  at  the  height  of  eighty  feet.  I  noticed 
that  the  gravel,  although  composed  of  the  same  limestone  as  that  at  Macki- 
nac, was  much  finer,  the  pebbles  rarely  exceeding  a  chestnut  in  size. 

A  similar  terrace,  but  of  less  height,  measuring  some  twenty  feet,  may  be 
seen  at  the  foot  of  Rabbit  mountain,  on  the  north  coast  of  Lake  Michigan. 
At  Pointe  St.  Ignace,*  it  rises  to  a  greater  height,  connecting,  as  it  were 
the  various  promontories  of  limestone,  which  stand  out  like  bastions  in  a 
huge  wall.  The  terraces  are  still  more  remarkable  in  the  vicinity  of  Gros 
Cap,  the  uppermost  attaining  an  elevation  of  one  hundred  and  thirty  feet. 
Two  miles  east  of  the  promontory,  I  noticed  one  at  the  height  of  eighty- 
five  feet. 

It  can  be  safely  inferred  from  the  terraces  of  Gros  Cap,  as  well  as  those 
of  Mackinac,  that  the  upheaval  took  place  at  successive  intervals,  and  that 
the  waters  were  stationary  for  some  time  at  the  foot  of  each.  It  will,  per- 
haps, be  possible,  at  some  future  day,  to  trace  these  various  levels  around 
the  islands,  and  thus  to  ascertain  whether  or  not  the  upheaval  has  been  uni- 
form throughout  the  whole  range. 

^ge  of  these  Terraces, —  That  the  terraces  of  Mackinac. and  the  adjacent 
shores  are  more  recent  than  the  drift,  needs  no  farther  demonstration,  since  • 
the  latter,  as  was  shown  previously,  is  only  found  at  higher  levels,  to  which 
the  terraces  do  not  reach.  Nor  can  they  be  mere  alluvial  beaches,  for  they 
occur  at  too  great  heights  to  be  due  to  the  mere  fluctuations  of  the  lake- 
level.  To  account  for  their  actual  position,  we  are  compelled  to  assume  a 
rising  of  the  land  at  successive  epochs.  Now  a  change  of  one  hundred  and 
fiv^  feet,  which  Would  be  required  to  account  for  the  highest  of  the  terraces 
at  the  Lover's  Leap,  supposes  such  a  change  in  the  distribution  of  land  and 
water,  and  such  a  change  in  the  aspect  of  the  surrounding  country,  that  it 
is,  in  itself,  a  sufficient  reason  for  separating  the  terraces  from  the  beaches, 
the  latter  being  decidedly  alluvial. 

On  the  other  hand,  the  position  and  distribution  of  the  terraces  are  not 
without  some  importance,  m  reference  to  their  age.  We  have  found  thtm, 
for  the  most  part,  occurring  on  the  east  side  of  the  island,  and  especially 
under  the  lee  of  the  promonotory  of  Lover's  Leap,  where  they  are  shel- 
tered from  the  south-west  winds  and  currents  ;  whereas  none  are  found  to 
the  west.  The  inference,  therefore,  is  plain  that  the  materials  must  have 
been  carried  from  south  to  north,  or  in  a  direction  opposite  to  that  of  the 
drift ;  and  this  may  be  considered  as  another  proof  that  the  deposits  have 
nothing  in  common. 

If  we  now  consider  the  geographical  position  of  the  island,  it  can  hardly 
be  expected  that  a  sheet  of  water  with  the  current  coming  from  the  south- 
west, could  have  been  anything  else  than  an  inland  sea.  No  fossil  remains 
have,  as  yet,  been  found  among  the  terraces  to  throw  light  upon  their 
origm,  and  it  is  not  probable,  from  their  structure,  that  they  will  yield  tiny, 

*  The  reader  most  not  confound  St.  Ignace  and  Grot  Cap  of  Lake  Michigan  with  those  of 
A^  Superior. 
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The  question  as  to  their  being  of  marine,  fresh  water,  or  brackish  origin, 
cannot  be  decided  by  the  evidence  of  fossil  contents,  and  we  are  compelled 
to  resort  to  such  evidence  as  is  afforded  by  other  ancient  terraces  and 
beaches,  of  the  adjacent  lake*.  Those  of  Lake  Erie  and  Huron,  as  before 
stated,  have  been  ascertained  to  be  of  lacustrhie  origin.  From  their  exttot 
and  position,  there  can  be  no  doubt  that  they  are  at  least  jis  ancient  as 
those  of  Mackinac;  and,  if  the  changes  of  level  by  which  they  were 
brought  into  their  present  position  were  all  uniform,  the  surface  of  this 
ancient  lake  must  have  reached  as  high  as  the  uppermost  terrace  of  the 
island.  There  is,  therefore,  no  necessity  of  resorting  to  local  changes  and 
disturbances,  in  order  to  account  for  the  lacustrine  origin  of  these  terraces; 
and,  since  we  have  in  the  terrace  of  Cleveland  direct  evidence  of  the  exist- 
ence of  such  an  extensive  fresh-water  basin,  posterior  to  the  great  body  of 
the  drift  and  previous  to  the  alluvium,  there  seems  to  be  some  reason  for 
referring  the  terraces  of  Mackinac  to  the  same  epoch  : —  at  any  rate,  they 
cannot  be  more  ancient. 

There  are,  however,  some  difficulties  in  the  way,  which  I  feel  it  neces- 
sary, in  all  candor,  to  state.  I  mean  the  absence  of  similar  terraces  far- 
ther west,  along  the  north  shore  of  Lake  Michigan  and  Green  Bay.  It 
has  been  shown,  in  the  preceding  chapter,  that  at  Pine  river,  the  Manistee 
and  Menomonee,  the  true  drift  may  be  found  a  short  distance  from  the  coast, 
and  at  no  considerable  height  above  the  lake-level,  sometimes  as  low,  even, 
as  twenty  feet.  Now,  it  is  evident  that,  if  the  lake  ever  reached,  in  these 
places,  the  same  height  as  at  Mackinac,  we  should  find  there  similar  ter- 
•  races  above  the  drift.  The  difficulty  might,  however,  be  met  by  supposing 
that  the  upheaval  which  raised  the  terraces  of  Mackinac  to  their  actual 
height,  did  not  operate  to  the  same  extent  west  of  the  island.  At  any  rate, 
this  circumstance  is,  in  itself,  a  proof  that  the  change  could  not  have  been 
brought  about  by  a  mere  lowering  of  the  water  ;  but  that  they  must,  at  all 
events,  be  referred  to  a  gradual,  but  unequal  rise  in  the  land. 

As  in  many  other  instances,  there  appears  to  be,  on  the  island,  something 
like  a  gradual  transition  from  the  upper  terraces  to  the  highest  beaches.  It 
would  be  difficult  to  trace  the  line  of  demarcation  between  the  two;  but 
we  need  only  consider  the  position  of  the  latter,  in  such  places  where  there 
can  be  no  doubt  as  to  their  having  been  merely  the  result  of  the  lake  action 
within  historical  times,  to  be  convinced  that  they  nowhere  exceed  eighteen 
or  twenty  feet.     It  seems,  therefore,  not  unreasonable  to  refer  to  an  earlier 
period,  all  such  terraces  and  deposits  of  the  Island  of  Mackinac,  as  occur 
above  that  level ;  whereas,  those  which  are  below  it   must  be  referred  icy 
the  recent  period.     With  regard  to  the  latter,  the  reader  is  referred  to  the 
latter  part  of  the  succeeding  chapter,  by  Mr.  Whittlesey,  on  the  ancient' 
and  present  beaches  of  Lake  Michigan.  I 


t)Emn)ATioir. 

• 

It  has  been  shown,  in  a  previous  report,  that  the  position  of  the  drifl  or* 
the  island  of  Mackinac  is  such,  that  it' cannot  be  supposed  to  have  been  de- 
posited originally  in  this  manner,  it  being  in  the  nature  of  the  drift  deposit  ^ 
in  general,  to  fill  up  the  depressions  and  spread  over  the  plains,  rather  thar^ 
to  occupy  the  summits.     I  was  thus  led  to  the  conclusion  that  the  absenc^ 
of  the  drift,  on  the  lower  portions  of  the  island,  was  owmg  to  a  denudatiox^^ 
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taused,  probably,  by  riolent  currents  along  the  main  channels ;  since  a  simi- 
ar  denudation  is  observed,  .both  along  the  straits  of  Mackinac  and  tht 
'alley  of  the  St.  Marys'  river,  where  the  banks,  on  either  side,  for  F6m6 
listance,  are  destitute  of  drift.  The  question  arises,  at  what  epoch  did  this 
lenudation  take  place  ?  The  terraces  at  Mackinac  afford  us  the  means  of 
lolving  this  problem,  at  least  in  part,  as  far  as  the  island  and  neighboring 
ihores  are  concerned.  A  careful  examination  of  the  terraces  has  sho-wn, 
nut  they  all  rest  immediately  on  the  subjacent  rocks,  there  being,  nowhere, 
iny  trace  of  drift  beneath  them.  The  inference,  therefore,  is,  that  the  drift 
nust  have  been  removed  from  the  surface  and' from  the  slopes  of  the  island, 
previously  to  the  formation  of  the  terraces.  As  to  the  nature  of  these  de- 
ludating  currents,  we  are  inclined  to  the  belief  that  they  were  chiefly  owing 
o  the  retreat  of  the  waters  of  the  drift  epoch,  when  the  continent,  after 
fiaving  been  subsiding  for  a  long  period,  began  again  gradually  to  rise.  The 
beginning  of  this  rising,  which  might  thus  be  considered  as  coincident  with 
the  beginning  of  the  denudation,  would  then  represent  the  true  limit  between 
the  dnfl  epoch  and  the  highest  terraces  of  Mackinac. 
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CHAPTER  XVI, 

SUPEBFICIAL  DEPOSITS— Coimwww. 

BT  S.   DESO& 


Alluvial  Deposits. — ^Sand  Beaches. —  Pebble  Beaches. — Marshes. — Fids, 
—  Subaqueous  Ridges. —  Hooks,  or  Spits. —  River  Belts. —  Bars. —  Ort- 
gin  of  Hooks  and  Belts. —  Dunes. —  Their  Origin. —  Ancient  Beachts 
and  Terraces, —  Boulders  of  Saut  Ste,  Maric.-^  Ancient  and  Prestni 
Beaches  of  Lake  Michigan. —  Their  Recent  Origin. —  Sections  at  Fc- 
rious  Points.^ — Supposed  Caxise,  the  Deepening  of  the  Channel  ai 
the  Outlet  of  the  Upper  Lakes. 

It  has  been  repeatedly  stated,  in  the  preceding  chapters,  that,  v/hile  the 
interior  of  the  upper  peninsula  of  Michigan  is  covered  with  extensive  drift 
deposits,  the  immediate  shores  of  Lake  Superior,  where  they  are  suffi- 
ciently low,  appear  to  be  lined  with  deposits  belonging  to  the  recent 
epoch :  to  wit — the  Alluvium.  Under  this  head  I  shall  include  the  recent 
beaches,  whether  of  pebbles  or  sand  ;  the  marshes  and  flats ;  those  heaps 
of  blown  sand,  known  as  dunes,  or  downs ;  and,  finally,  those  beaches  and 
terraces  which  seem  to  indicate  a  higher  level  in  the  waters  of  the  lakes  at 
some  former  period. 

Sand  Beaches. —  The  voyageur,  who  coasts  along  the  northern  shore  of 
Lake  Michigan,  cannot  fail  lo  notice  those  deposits  of  fine,  white  sand 
which  line  the  shore,  sometimes  for  a  long  distance,  and  form  the  bottoms 
of  nearly  all  the  bays  and  coves.  This  sand,  when  examined  microscopi- 
cally, is  found  to  be  composed  of  minute  grains  of  nearly  pure  white 
quartz.  Similar  sand  beaches  have  been  noticed  as  occurring  in  many 
places  along  the  shores  of  Lake  Superior.  They  assume,  however,  a 
special  interest  in  reference  to  Lake  Michigan,  for  the  reason  that  the 
surrounding  country  is  exclusively  calcareous.  The  question,  therefore, 
naturally  arises  in  the  mind  of  every  geologist,  as  to  the  source  from 
which  this  silicious  sand  was  derived.  There  might  be  some  difficulty  in 
answering  it,  if^we  had  simply  explored  the  coast;  but,  knowing  that  the 
drift  exists  almost  everywhere  in  the  interior,  and  that,  though  Iss  homo- 
geneous in  structure,  it  is  yet  composed  of  a  large  admixture  of  sand  and 
grfivel,  we  are  not  at  a  loss  to  assign  its  origin  to  this  source.  Every 
stream  that  flows  down  from  the  wide  drift-covered  districts  in  the  interior, 
carries  with  it  a  quantity  of  sand  and  gravel,  which,  when  brought  wthin 
the  influence  of  the  waves,  becomes  thoroughly  assorted ;  the  calcareous 
particles  are  probably  dissolved,  while  the  silicious  grains  are  distributed 
according  to  their  size  and  specific  gravity ;  and,  when  thrown  upon  the 
beach,  occasion  those  accumulations  of  white,  homogeneous,  quartzose 
sand  which  are  seen  so  generally  lining  the  coast. 

Pebble  Beaches. —  The  occurrence  of  these  is  to  be  expected  on  all  rock- 
bQmd  sl^or^,    I  mention  them  here  in  conse(}uence  of  their  extraordinary 
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xteut  along  the  shores  of  some  of  the  islands  at  the  entrance  to  Green 
lay.  The  pebbles  are  chiefly  limestone,  varying  in  size  from  that  of  a 
hestnut  to  that  of  a  melon  ;  so  few,  indeed,  are  me  specimens  of  igneous, 
r  metamorphic  rocks,  that  I  have  often  walked  for  hours  along  the  beach 
ithout  observing  their  presence.  On  some  of  the  islands  they  are  piled 
p,  like  an  immense  wall,  from  six  to  eight  feet  in  height. 

Extensive  pebble  beaches  also  occur  on  the  southern  shore -^  of  Lake  Su- 
erior,  especially  along  that  extended  reach  of  coast  to  the  east  of  Grand 
able.  The  pebbles  here  are  almost  exclusively  granitic  and  entirely  foreign 
>  the  rock  in  place  (Potsdam  sandstone). 

For  a  distance  of  several  miles  east  and  west  of  Two-hearted  river,  the 
lore  is  lined  with  an  uninterrupted  beach  of  pebbles  of  rather  uniform 
ze,  rarely  exceeding  that  of  an  apple.  This  is  the  more  extraordinary,  as 
le  only  deposit  visible  in  the  rear  of  the  beach  is  fine  drift-sand.  Another 
milar  pebble  beach  is  seen  lining  the  coast  for  a  long  distance  west  of 
/^hite-nsh  Point.  Occasionally,  however,  the  pebbles  are  replaced  by  a 
>mogeneous  sand  beach. 

The  beaches  along  Keweenaw  Point  consist  for  the  most  part  of  trappean 
sbbles  of  lar^e  size,  with  an  occasional  admixture  of  granite ;  and  this 
iinark  is  applicable  to  those  in  the  vicinity  of  the  Porcupine  mountains  and 
I  Isle  Royaie.  They  have  been  derived,  in  the  main,  from  the  destruction 
'  the  trappean  conglomerate,  and  of  the  associated  igneous  rocks,  while 
\e  sranitic  pebbles  have  been  transported  by  drift  ^encies ;  where  long 
ia<£es  of  sandstone  occur  along  the  coast,  few  pebble  beaches  are  observed. 

In  the  vicinity  of  Granite  Point  and  Middle  island,  granite  and  greenstone 
ihbles  greatly  preponderate.  As  a  general  rule,  the  character  of  the 
'aches  is  determined  by  the  character  of  the  neighboring  rocks ;  but  there 
■e  many  phenomena  which  can  be  explained  only  after  a  close  and  elabo- 
ite  study  of  the  outline  of  the  shore,  the  depth  of  the  water,  and  the  na- 
xe  and  force  of  the  current.  Such  knowledge  could  not  be  acquired  in  a 
irried  coasting  expeditibn,  in  which  investigations  of  this  nature  were  of 
ibordinate  interest. 

Alluvial  Marshes.  —  I  place  under  this  head  those  extensive  accumula- 
3ns  of  alluvial  matter  which  line  the  coast  uninterruptedly y  for  a  great 
stance,  and  which,  in  consequence  of  their  low  level,  are  generally  swampy. 
striking  instance  of  this  character  occurs  along  the  western  coast  of 
reen  Bay,  which  for  a  distance  of  more  than  thirty  miles,  to  wit, — from 
le  moutn  of  the  Menomonee  to  that  of  the  Fox  river, — is  lined  with  a 
mtinuous  belt  of  low  swampy  ground,  from  a  few  rods  to  half  a  mile  in 
idth.  This  marsh  yields  a  luxuriant  crop  of  wild  hay,  sufficient  to  supply 
imerous  herds.  The  soil  consists  of  the  same  fine  silicious  sand,  before 
ascribed  as  occurring  on  the  beaches,  and  its  marshy  character  results  from 
slow  position.  The  inquiry  naturally  suggests  itself,  why  this  marshy 
elt  should  be  confined  to  this  particular  locahty,  there  being  nothing  like 
:  on  the  eastern  coast  of  Green  Bay,  or  the  northern  coast  of  Lake  Michi- 
;an.  I  cannot  but  think  that,  in  this  case,  it  is  owing  to  the  sheltered 
Kisition  of  the  coast  and  its  nearly  uniform  level,  resulting  from  the  hori- 
iontality  of  the  strata,  which  allow  the  particles  of  sand  brought  down  by 
ke  rivers  to  accumulate  and  spread  in  regular  layers,  without  being  much 
isturbed  by  westerly  gales.* 

*IUi  i«  aljo  the  origin  of  many  manbes  of  lew  oztont  along  the  ihorM  of  LakASifKiM. 
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Flats, —  There  may  be  seen  on  the  same  western  coast  of  Green  Bay 
extensive  flats,  which  are  simply  the  continuation  under  water  of  the  allu- 
vial sand,  forming  the  soil  of  the  marshes.  Indeed,  so  gradual  is  the  transi- 
tion, that  it  is  difficult  to  draw  the  line  of  separation  between  them. 

The  origin  of  these  flats  can  be  referred,  with  still  greater  certainty  thin 
that  of  the  alluvial  marshes,  to  the  action  of  rivers,  from  the  circumstance 
that  they  are  more  extensive  in  the  vicinity  of  their  embouchures.  Thus, 
at  the  mouth  of  the  Peshetigo  river  of  Green  Bay,  the  flats  are  not  only 
very  wide,  but  a  bar  extends  for  a  long  distance  into  the  bay. 

The  fact  that  the  silicious  sand  deposits  can  be  traced  back  to  the  agency 
of  rivers  i§.  sufficient  proof  that  they  are  nothing  more  than  the  detritus  of^ 
the  drift — the  analogues,  though  on  a  small  scale,  of  the  flats,  bars,  and 
sand  beaches,  now  forming  on  the  Atlantic  coast. 

Subaqueous  Ridges. —  An  example  of  this  character  occurs  on  the  north- 
ern shore  of  Lake  Michigan,  not  far  from  the  Fish  station  of  Bark  Point 
{Pointe  aux  Ecorces),  under  the  lee  of  a  promontory,  designated  on  the 
map  as  Point  Patterson.  Here,  the  shore,  after  running  due  east  and  west 
for  some  distance,  bends  abruptly  to  the  north-east.  The  voyageur  coming 
from  the  west,  after  having  passed  Point  Patterson,  is  struck  by  the  appea^ 
ance  of  several  bands  of  shallow  water,  indicated  by  a  yellowish  tint.  These 
bands,  which  appear  to  start  from  the  extremity  of  the  point,  are  caused  by 
subaqueous  ridges,  which  spread,  fan-like,  to  the  distance  of  nearly  half  a 
mile  to  the  east,  being  from  three  to  ten  yards  wide,  and  from  five  to  ten 
feet  above  the  general  bed  of  the  lake,  at  this  point.  They  are  not  com- 
posed, like  the  flats,  of  fine  sand,  but  of  white  limestone  pebbles,  derived 
from  the  adjacent  ledges,  with  an  admixture  of  granitic  pebbles,  some  of 
which  are  a  foot  in  diameter.  It  is  difficult  to  conceive  of  currents  suffi- 
ciently powerful  to  transport  and  arrange  jsuch  heavy  materials,  and  yet  we 
know  of  no  other  means  by  which  this  aggregation  could  have  been  accom- 
plished. 

These  subaqueous  ridges  afford,  on  a  small  scale',  an  interesting  illustra- 
tion of  the  formation  of  similar  ridges  now  above  water.  If  the  north  coast 
of  Lake  Michigan  were  to  be  raised  only  twenty  feet,  such  a  rise  would  lay 
dry  a  wide  belt  of  almost  level  ground,  on  which  these  ridges  would  appear 
conspicuously,  not  unlike  those  which  occur  on  the  south  shores  of  Lakes 
Erie  and  Ontario,  and  thus  confirm  the  views  of  Mr.  Whittlesey,  that 
most  of  these  ridges  are  not  ancient  beaches,  but  have  been  formed,  under 
water,  by  the  action  of  currents.* 

Hooksy  or  Spits, —  There  are  to  be  seen  along  the  lake-shores,  as  well  as 
along  the  sea-shores,  belts  of  loose  materials,  either  sand  or  gravel,  which 
extend  into  the  water  beyond  the  rocky  boundaries,  and  form  low  barren 
spits,  or  points.  These  spits  are  frequently  curved  at  their  extremities,  and 
have  therefore  received  the  name  of  hooks,  A  striking  instance  of  this 
character  may  be  seen  at  the  south-western  extremity  of  Round  island,  op- 

I>osite  Mackinac,  which  presents,  as  ascertained  by  measurement,  the  fol- 
owing  form  (Fig.  29) : 

*  I  have  elsewhere  expressed  the  opinion  that  the  pebblo  and  sand  ridges  of  the  prairiei 
of  Illinois  have  originated  in  like  manner,  or  that  they  are  (like  the  so-caUed  Indian  ndg» 
of  New  England,  at  Andover,  Massachusetts,  and  in  Maine,  where  they  are  provinciii]/ 
termed  horse-backs)  the  analogaes  of  the  Swedish  osars. 
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Hook  at  Round  Island, 

A  similar  hook  was  measured  on  one  of  the  Summer  islands,  in  the  vici- 
nity of  Death's  door  {Porte  des  morts).  I  found  it  a  general  rule  that, 
at  the  extremity  of  the  spit,  where  it  assumed  the  form  of  a  hook,  the  con- 
vexity was  in  the  direction  of  the  prevailing  winds.  The  nature  of  the 
materials  has  but  little  influence  on  the  formation  of  the  hooks.  Thus, 
where  the  beaches  are  composed  of  limestone  pebbles,  the  hooks  partake  of 
this  character,  and  where  beaches  are  composed  of  sand,  the  hooks  consist 
of  the  same  material.  I  have  noticed,  however,  that  where  the  hooks  are 
made  up  of  shingle,  the  smaller  pebbles  occupy  the  extremity. 

The  hooks  combine,  in  various  ways,  with  the  more  extensive  alluvial 
deposits,  and,  in  many  instances,  it  is  difficult  to  draw  the  line  of  separa- 
tion between  them.  As  an  instance,  I  would  mention  White-fish  Point  on 
Lake  Superior.  Not  only  is  its  extremity  terminated  by  a  regular  hook, 
which  stretches  eastward,  but  the  whole  area,  extensive  as  it  is  in  its  struc- 
tural relations,  belongs  to  the  hook  formation.  It  will  be  seen,  by  inspect- 
ing the  map,  that  it  is  situated  at  the  extremity  of  a  long  and  almost  straight 
coast,  succeeded  by  a  wide  bay  known  as  Tequamenon. 

Two  causes  have  probably  combined  to  produce  this  hook.  The  pre- 
vailing current  of  the  lake  strikes  the  Canada  shore  —  which  consists  of 
firm  igneous  and  metamorphic  rocks,  opposing  an  effectual  barrier  to 
the  encroachments  of  the  lake  —  and  is  thence  deflected  southward  into  the 
bay,  whose  margin  is  lined  with  less  coherent  sandstone.  The  tendency  of 
this  current  ^would  be  to  wear  away  the  hook  on  the  eastern  side ;  but  the 
loss  is  repaired  by  the  prevailing  winds  which  sweep  from  the  north-west, 
accumulating  detrital  materials  on  the  western  side  of  the  hook.  They 
may,  therefore,  be  regarded  as  compensating  forces,  the  one  counteracting 
the  effects  of  the  other,  and  thus  preserving  the  outlines  of  the  point  almost 
unimpaired  from  year  to  year. 

Nowhere  did  I  see  the  nook-form  so  well  represented  as  at  Grand  Marais 

harbor,  east  of  the  Pictured  Rocks.     The  projecting  spit  (Fig.  30)  at  its 

entrance  presents  the  following  outline,  platted  from  the  measurements  of 

Mr.  Whitney : 

Pig.  80. 


Hook  at  the  entrance  to  Grand  Margxs  Harbor. 


C^J 


S60 


*  It  is  impossible  to  look  at  this  little  hook,  without  being  struck  wA 
its  resemblance  to  some  of  those  on  the  oceanic  border, — for  instance,  that 
of  Cape  Cod.  Not  only  is  it  curved  (n  the  same  manner,  at  its  extremity; 
but,  inside  of  the  outer  hook,  there  is  a  second  and  smaller  one,  which 
seems  a  miniature  of  the  first.  This  is  the  case  with  Cape  Cod  ;  the  inner 
hook  enclosing  the  Bay  of  Provincetown.  Thus,  the  same  causes  which 
construct  the  alluvial  deposits  on  the  Atlantic  coast  operate,  though  on  a 
less  extended  scale,  to  build  up  the  spits  of  our  inland  lakes. 

Similar  hooks  occur  along  the  shores  of  the  lower  lakes,  Ontario  and 
Erie.  As  a  remarkable  instance,  I  would  mention  Sandy  Point  on  the  British 
side  of  Lake  Erie,  and  the  hooks  which  enclose  the  harbor  of  Erie  on  the 
American  side.  On  Lake  Ontario,  the  most  remarkable  hook  is  that  which 
shelters  the  harbor  of  Toronto. 

Hooks,  like  these,  are  of  the  highest  importance,  being  sometimes  the 
only  natural  harbors  along  low  flat  coasts.  Even  the  smaller  hooks  are 
not  without  interest,  for  they  often,  on  the  upper  lakes,  afford  a  welcome 
shelter  to  the  coasting-boats. 

River-belts, —  It  is  not  unfrequcnt  for  a  river,  before  its  debouchure  into 
the  lake,  to  pursue  for  some  distance  a  course  parallel  to  the  shore. 
Their  deflection  is  caused  by  aa  accumulation  of  sand,  or  gravel,  very 
similar  to  that  of  the  hooks  in  composition,  and  deposited  by  the  same 
causes.  These  deposits,  generally  in  the  form  of  a  narrow  spit,  are  ele- 
vated but  slightly  above  the  water.  I  shall  designate  these  as  river^hdU, 
m  order  to  distinguish  them  from  the  immersed  ridges,  known  as  hofs^ 
which  are  formed  across  the  mouths  of  rivers.  As  might  be  expected,  the 
bars  are,  in  many  cases,  but  a  continuation  beneath  the  water,  of  the  belts. 
Sometimes,  when  the  current  is  not  strong  enough  to  keep  an  open  pas- 
sage and  the  mouth  of  the  river  becomes  silted  up,  the  bar  is  transformed 
into  a  belt  and  the  water  percolates  through  the  sand  and  pebbles,  and 
thus  gains  access  to  the  lake.  Numerous  instances  of  this  kind  have  been 
observed  on  the  south  shore  of  Lake  Superior,  and  on  those  of  Isle 
Royale.  Durmg  a  freshet,  the  water  cuts  through  the  belt  in  a  direct  line, 
but  as  it  subsides,  the  cnannel  is  again  destroyed^  or  deflected  for  a  long 
distance,  parallel  with  the  coast. 

Belts  and  bars  are  to  be  found  only  where  the  shores  are  flat ;  but 
they  are  wanting  where  the  coast  is  bold  and  the  water  deep.  As  exam- 
ples of  the  former,  on  the  northern  shore  of  lake  Michigan,  I  would 
mention  a  small  river  near  Biddle's  Pointy  and  another  near  Pointe  aux 
Chenes,  and  the  Menomonee  and  Peshetigo  rivers.  They  are  still  more 
conspicuous  on  the  south  shore  of  Lake  Superior  ;  as  examples  may  be 
cited  the  mouths  of  the  Ontonagon,  of  the  Traine,  and  of  the  Two- 
hearted  rivers,  but  especially  that  of  the  Chocolate  river,  which  is  repre- 
sented in  the  following  sketch  (Fig.  31),  in  which  the  proportions  are 
correctly  represented : 

Fig.  81. 


Belt  of  Chocolate  River* 
D.  r.  Driit  terrace.        H.  Hook.       D.  Duw.      U.^wiD,,      BL,  EtTir. 
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The  belt  extends  from  west  to  east,  and  is  composed  of  a  fine  yello^dsh 
nd,  identical  with  that  of  the  beach  westward,  but  different  from  that  of 
e  drift-terrace  which  lines  the  river  on  its  right  bank.  As  a  peculiar 
iture  of  this  belt,  I  would  mention  that  it  is  covered  towards  its  origin 
itha  ridge  of  dunes,  thus  showing  that,  however  recent  the  belt  may  be, 
e  dunes  are  still  more  so.  The  recent  origin  of  the  dunes  is  confirmed 
'  the  fact  that  they  are  foimd  embedding  half-decayed  elders,  which, 
ing  particularly  fond  of  a  wet  soil,  could  never  have  grown  on  this  spot, 
ider  the  present  conditions. 

The  most  remarkable  of  all  the  belts  of  Lake  Superior  is  that  at  the 
)Qth  of  the  St.  Louis  river,  the  extent  of  which  may  be  seen  by  inspect- 
T  Bayfield's  chart.  It  is  of  such  magnitude  that  it  can  be  compared 
ly  to  similar  phenomena  on  the  ocean  snore.  Occurring,  however,  as  it 
es,  within  another  geological  district,  and  not  having  given  it  a  personal 
amination,  I  must  pass  it  by  without  farther  comment. 
If  it  were  asked  to  what  extent  a  river  may  be  deflected  from  its  natural 
Lirse  by  the  increase  of  its  belt,  we  might  refer  to  many  along  the 
ithern  coast  for  an  answer.  The  Carp  river  is  a  marked  example.  The 
?sent  embouchure  is  but  little  deflected  from  the  straight  course ;  but 
?re  is  to  be  seen  at  the  left,  an  ancient  channel  through  which  it  formerly 
wed. 

It  would  appear  that  many  of  these  rivers,  after  flowing  for  some  distance 
a  direction  parallel  to  the  coast,  encroach  gradually  upon  the  belt,  until 
zan  no  longer  resist  the  pressure  of  the  current,  when  it  gives  way  and 
ows  the  waters  to  flow  directly  into  the  lake.  By  and  bye,  the  beach- 
id  accumulates  outside  of  the  river,  and  the  latter  again  begins  to  be 
fleeted.  Similar  changes  are  often  effected  during  a  gale  of  long  cohtinu- 
ce.  The  mouths  of  many  of  the  rivers  are  changed  to  an  opposite  direc- 
)n,  and  the  old  belts  are  destroyed  and  new  ones  formed. 
The  belts  assume  a  uniform  direction,  where  the  winds  prevail  from  a 
rtain  quarter.  On  the  north  shore  of  Lake  Michigan,  and  on  the  south 
3re  of  Lake  Superior,  they  commonly  run  from  west  to  east ;  but  on  the 
rth  shore  of  the  latter  lake,  I  am  mformed,  their  general  direction  is 
)m  east  to  west. 

Bars. —  It  need  hardly  be  stated  that  the  bars  are  only  modifications  of 
e  river-belts,  and  that  they  are  formed  on  the  same  principle ;  in  other 
3rds,  they  are  merely  the  continuation  of  the  belts  under  water.  There 
hardly  a  river  along  the  flat  portions  of  the  shores  of  Lake  Superior,  or 
ike  Michigan,  where  this  continuity  is  not  observed.  Unless  the  current 
J  strong  enough  to  keep  an  open  channel,  these  bars  become  like  those  of 
le  ocean,  a  serious  impediment  to  navigation.  This  is  the  case  with  regard 
►  the  Menomonee ;  the  bar  cannot  be  passed  by  steamers,  or  even  schooners, 
therwise  the  river  would  be  navigable  to  the  first  rapids.  The  mouth  of 
le  Peshetigo — a  very  considerable  stream  south-west  of  the  Menomonee, — 
s  hardly  accessible  to  a  coasting-boat. 

Origin  of  Hooks  and  Belts. —  Hooks  and  belts  are  due  to  a  common 
rigin,  and  hence  they  present  a  similarity  of  features.  Both  are  the  result 
f  an  eddy,  or  a  diminished  velocity  in  the  current.  It  is  an  admitted  prin- 
iple  of  hydrography  that  any  current,  holding  sand  or  other  materials  in 
Uspension,  will  drop  a  portion  of  its  freight  whenever  its  velocity  is  dimi- 
^ned.  When,  d'liing  a  galf ,  the  waters  loaded  with  sand^  after  rushing 
rotmd  apomt^  pass  into  a  sheltered  bay,  they  imiaed\a.\e\7  ^xo^  ^^  ^il^ksscw 
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of  the  materials  held  in  suspension.     A  deposit,  thus  commenced,  goes  on 
increasing  during  every  gale ;  but,  at  the  same  time,  a  current,  which  is  no 
longer  kept  in  a  steady  airection  by  the  resistance  of  the  shore,  vrill  be  de- 
flected towards  the  bay,  and  the  deposit  will  consequently  assume  an  arched 
form.     The  hooks,  occurring  at  the  outlet  of  a  river,  or  where  it  assumes 
a  lake-like  expansion,  or  where  it  bends  abruptly,  are  the  result  of  the  same 
principle.     The  hooks  of  islands,  like  those  of  the  main  shore,  occur  in  the 
direction  of  the  prevailing  winds.     Thus,  for  example,  on  the  islands  near 
Death's  door  {Porte  des  marts),  the  sheltered,  or  lee  side,  will  be  to  the 
S.E. ;  the  waters  rushing  from  tne  N.W.  will  glide  on  both  sides  along  their 
shores,  until  they  meet  at  the  opposite  extremity,  with  a  relative  eddy, 
which  causes  them  to  deposit  a  portion  of  their  freight  in  a  similar  manner 
as  in  the  sheltered  bays  and  coves  of  the  main  shore.     The  degree  of  cur- 
vature in  the  island  hooks  depends  chiefly  on  the  comparative  inequality  of 
the  currents  on  either  side.    If  the  island  is  so  situated  as  to  allow  the  cur- 
rent to  reach  the  lee,  or  sheltered  coast,  only  on  one  side,  the  curvature  will 
be  great ;  but,  if  the  currents  reach  the  lee  of  the  island  with  equal  force 
from  either  side,  there  will  be  no  curvature ; — on  the  same  principle  that  the 
sand,  which  accumulates  on  the  lee-side  of  the  pier  of  a  bridge,  is  arranged 
in  a  straight  line.     As  a  whole,  the  island  hooks  are  less  curved  than  those 
of  the  main  land.     That  deposits  of  a  similar  kind  should  occur  at  the 
mouths  of  rivers  is  but  natural,  if  we  consider  that  river-belts  are  also  the 
result  of  a  relative  eddy.     If  a  current,  either  constant  or  remittent,  sets 
along  a  shore,  it  will  continue  to  flow  with  equal  strength  as  long  as  ther« 
is  no  obstacle  interposed  ;  but,  when  it  meets  in  its  course  the  current  of  a 
river  debouching  at  right  angles,  the  latter  will  cause  the  former  to  ahate 
in  velocity,  and  thus  a  state  of  comparative  quiet  is  produced,  in  consequence 
of  which,  a  portion  of  the  materials  are  thrown  down  at  the  point  of  con- 
fluence —  the  river  here  acting  the  same  part  as  a  bay  in  the  former  instance. 
The  width,  however,  of  a  river-belt  is  not  generally  greater  than  is  required 
for  the  discharge  of  the  waters,  and  hence  it  follows,  that  the  belt  cannot 
encroach  on  the  river  ;  therefore,  instead  of  bending  inward,  it  increases  in 
a  straight  line,  parallel  with  the  beach. 

As  to  the  origin  of  the  materials  of  belts,  it  will  be  found  that  they  con- 
sist of  sand  and  pebbles,  similar  to  those  of  the  neighboring  beach ;  thus 
showing  that  they  were  heaped  up  from  without  and  not  from  within.  This 
is  especially  striking  in  places  where  the  materials  of  the  river  difler  from 
those  of  the  beaches.  Occasionally,  we  may  find  the  inner  margin  of  the 
belt  partly  composed  of  river  materials,  but  they  are  seldom  mingled  with 
those  of  the  outer  margin. 

It  follows,  from  the  foregoing  remarks,  that  belts,  as  well  as  hooks,  must 
go  on  increasing  beneath  the  water  for  sometime  before  they  appear  at  the 
surface ;  and,  indeed,  it  is  not  unfrequent  to  see  the  subaqueous  portions 
extending  for  some  distance  beyond  the  sub^erial  ones, —  the  former  bein^ 
indicated  by  the  different  hues  of  the  water.  These  hooks  and  belts  afford 
us  the  most  simple  and  natural  explanation  of  the  formation  of  bars,  which 
are  nothing  but  immersed  belts. 

The  occurrence,  to  such  an  extent,  of  hooks,  belts,  and  bars,  on  the 

borders  of  our  lakes,  cannot  but  have  some  bearing  on  the  views  entertained 

as  to  their  origin  along  the  shores  of  the  ocean,  where  they  are  developed 

on  a  larger  scale.    Their  formation  has  been  mainly  ascribed  to  the  action 

of  the  tidal  currents ;  but  it  is  svi&deiil  lo  Yvacv^  ukowa  that  they  are  ph€* 


263  [4] 

iiomena  of  common  occurrence  along  the  lake-shores  to  prove  that  tidal  ac- 
tion is  not  necessary  for  their  formation,  although  there  can  be  no  doubt 
;hat,  when  there  is  a  tidal  current,  it  must  play  an  important  part,  in  con- 
junction with  other  causes. 

Dunes. — Under  the  name  of  dunes,  or  downs,  we  designate  those  irregu- 
lar heaps  of  fine  sand  which  are  accumulated  by  the  winds  on  certain 
jhores.  They  are  generally  composed  of  fine  silicious  sand,  without  any 
stratification.  Their  most  conspicuous  feature,  however,  is  their  irregular 
Dutline,  which  is  so  striking  that  it  cannot  fail  to  attract  the  notice  even  of 
[hose  who  are  not  particularly  engaged  in  geological  inquiries.  Not  only 
ire  the  hillocks  of  very  irregular  size  and  height,  but  they  are  often  shaped 
n  the  most  fantastic  manner ;  some  being  very  steep,  others  with  a  .gentle 
lope,  and  others  with  rounded  outlines.  They  have  not  improperly  been 
ompared  to  oceanic  waves  suddenly  solidified. 

Dunes  are  especially  conspicuous  on  the  oceanic  shores ;  anr*  there  are 
ountries  in  which  they  are  of  paramount  importance,  both  in  a  geographi- 
al  and  economical  pomt  of  view.  Holland  owes  its  prosperity  chiefly  to 
he  shelter  which  the  dunes  afford  to  its  navigation,  by  forming  a  natural 
nd  most  valuable  barrier  against  the  invasion  of  the  sea  ;  whereas,  in  other 
ountries,  they  are  dteaded  on  account  of  their  encroachment  upon  culti- 
ated  and  fertile  soil ;  &s,  for  instance,  on  the  coast  of  Suffolk,  in  England, 
nd  in  Gascony,  France.*  It  appears  that,  in  some  countries,  they  advance 
nth  great  regularity,  sq  much  so  that  they  have  been  represented  as  natu- 
al  chronometers,  the  rate  of  their  advancement  affording  a  means  of  calcu- 
ating  approximately  the  epoch  when  they  first  began  to  accumulate. 

Although  the  dunes,  as  a  whole,  are  less  frequent  on  this  side  of  the  At- 
antic  than  on  the  other,  yet  there  are  some  striking  instances  of  their  oc- 
currence on  the  shores  of  New  England,  especially  at  Cape  Cod,  where 
:hey  have  been  described  by  Professor  Hitchcock.  There,  too,  we  may 
witness  considerable  changes  from  year  to  year,  in  their  outlines.  Nay,  the 
movements  of  the  blown  sand  have  been  deemed  serious  enough  to  attract 
the  attention  of  the  government,  and  it  has  been  attempted  to  devise  means 
to  prevent  the  harbor  of  Provincetown  from  being  eventually  filled  up. 
Phis  object  has  been  partially  attained  by  planting  oeach-grass  along  the 
shore,  whereby  th^  single  grains  of  sand  are  arrested  in  their  course,  and 
the  onward  progress  of  the  dune  stopped. 

The  dunes  of  the  upper  lakes  are  of  peculiar  interest,  affording,  to  my 
knowledge,  the  only  examples  of  their  occurrence  on  the  borders  of  an  in- 
land sheet  of  water.  Nor  are  they  in  any  way  inferior  in  height  to  those 
of  the  ocean  shore.  The  average  height  of  the  latter  is  indicated,  by  M. 
Elie  de  Beaumont,  at  from  twenty  to  sixty  feet ;  and  it  is  only  in  extra or- 
linarj'  cases  that  they  rise  to  the  height  of  one,  two  or  three  hundred  feet. 
Those  of  Cape  Cod  do  not  exceed  eighty  feet,  although  they  have  been  des- 
cribed as  being  higher ;  whereas,  it  is  reported  that  some  of  the  dunes,  on 
the  eastern  shore  of  Lake  Michigan,  attam  a  height  of  three  hundred  feet.f 
One  of  the  hills,  which  from  its  striking  appearance  is  called  the  Sleeping 
Bear,  is  said  to  be  nothing  but  a  huge  dune. 

*  There  are,  in  both  countries,  instances  on  record  where  whole  villages  have  been  in- 
raded  by  the  dunes  and  converted  into  deserts.   - 

t  The  hills  caUed  Grand  Sable,  east  of  the  Pictured  Rocks,  on  Lake  Superior,  are  some 
imes  ranked  among  the  most  remarkable  instances  of  dondl^  but  I  have  shown  in  mj  for 
Dcr  repoct  that  they  belong  to  the  drift  formation.  ^ 


C4J 


264 


Those  of  the  north  shore  of  Lake  Michigan,  although  not  quite  as  high, 
are  nevertheless  very  striking.  The  most  remarkable  for  size,  or  extent, 
occur  at  Pointe  aux  Chenes,  a  locality  some  twenty  miles  west  of  Mackinac. 
The  shore  rises  suddenly  to  the  west  of  the  point,  in  hills  which,  from  their 
singular  shape  and  bare  surface,  would  be  recognized  at  once,  even  from  a 
distance,  as  dunes,  They  are  composed  of  a  fine  quartzose  sand,  with  a  lit- 
tle admixture  of  colored  grains,  which  impart  to  the  whole  a  yellowish  tint. 
Having  measured  several  of  the  hills  with  my  pocket-level,  I  found  them  to 
average,  near  the  point,  from  eighty  to  one  hundred  feet  in  height.  The 
highest,  however,  at  a  distance  of  half  a  mile  from  the  point,  I  found  to  be 
one  hundred  and  twelve  feet,  extending,  uninterruptedly  to  the  west, 
a  distance  of  some  six  miles ;  but  at  the  same  time  decreasing  in 
height,  until  they  are  reduced  to  hillocks,  not  exceeding  twenty-five  feet. 
I  noticed,  besides,  that  they  became  more  and  more  covered  with  vegeta- 
tion towards  the  west,  this  being  without  doubt  the  most  ancient  portion. 
There  are  nowhere  any  traces  of  stratification  to  be  seen  in  them ;  nor  could 
I  detect  a  single  pebble  in  the  mass,  except  some  few  scattered  ones  in  the 
depressions  between  the  hillocks,  where  they  were  thrown  up  by  the  waves, 
in  severe  gales,  as  is  also  the  case  on  Cape  Cod. 

In  following  the  summit  of  the  upper  dune-ridge  at  Pointe  aux  Chenes, 
I  noticed  that  the  back  slope  was  very  steep,  and  at  the  same  time  very  con- 
stant. I  found  its  inclination  to  be  32°;  this  being,  without  doubt,  the 
greatest  natural  slope  which  this  kind  of  loose  sand  is  capable  of  assuming, 
when  sheltered  from  the  winds. 

Whenever  the  dunes  exhibit  some  regularity,  or  are  so  situated  as  to  form 
a  succession  of  ridges  perpendicular  to  the  coast,  this  greater  steepness  oi 
one  slope  is  always  noticeable.  Moreover,  it  is  invariably  found  that  the 
gentle  and  long  slope  is  towards  the  windward  side,  and  the  steep  side  to 
the  lee.  This  feature  is  especially  striking  near  the  western  extremity  of 
the  dune-ridge  of  Point  aux  Chenes.  The  same  feature  is  repeated  in  several 
places  along  Xake  Superior. 

As  a  peculiarity  of  the  dunes,  in  both  places,  I  would  mention  that  thej 
are  often  covered  with  trees  of  considerable  size,  such  as,  to  my  knowledge, 
do  not  occur  on  any  of  the  oceanic  dunes.  One  white  pine,  which  I  meas- 
ured near  the  top  of  one  of  the  highest  ridges  of  Pointe  aux  Chenes,  was 
found  to  be  eight  feet  in  circumference ;  thus  showing  that  the  dune  has,  at 
least,  remained  unchanged  in  this  spot,  for  some  length  of  time.  The  trees 
unquestionably  act  as  barriers  to  prevent  the  sand  from  spreading  further  in- 
land ;  and  there  is  but  little  doubt  that  if  they  were  cut  down,  the  scanty 
vegetation  which  covers  the  summit  and  the  back  of  the  dune-ridge,  would 
prove  insufficient  to  resist  the  action  of  the  winds.  The  sand  would  be  laid 
bare,  and  the  whole  range  of  dunes  would  spread  inland,  as  it  is  known  to 
do  in  several  parts  of  Europe.  A  peculiarity  of  this  character  was  obserred 
on  the  summit  of  the  country  back  of  the  Grand  Sable  of  Lake  Superior. 
Here,  numerous  clumps  of  trees  rise  up  like  islands,  in  a  wide  waste  of 
shifting  sands,  and  struggle  to  gain  a  precarious  support. 

Next  to  the  dunes  of  rointe  aux  Chenes,  the  most  remarkable  wHithin  the 
upper  peninsula  of  Michigan  are  those  of  White-fish  Point,  on  Lake  Supe- 
rior, an  outline  of  which  is  given  in  the  following  sketch  by  Mr«  Fost^ 
(Fig.  32). 
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Sand-dunes  at  Whiterjisk  Point, 

h  very  conspicuous  when  seen  from  a  distance,  the  dunes  of 
Point  are,  nevertheless,  smaller  than  those  of  Lake  Michigan, 
elevated  hills  do  not  attain  the  height  of  the  light-house,  which 
Dng  them,  and  which  is  seventy-five  feet  high.  As  to  their  extent, 
'ul  whether  they  cover  more  than  a  square-mile ;  yet  their  posi- 
nt  of  the  projecting  promontory  is  such,  that  tney  necessarily 
notice  of  all  travellers  on  Lake  Superior ;  and  hence  their  great 

•estin^  instance  of  the  instability  of  the  dunes  is  afforded  at  the 
ctremity  of  White-fish  Point,  as  seen  by  the  following  sketch 

Fig.  88. 


N. 


Section  of  a  Dune  at  White-fish  Point. 


(2)  some  twenty-five  or  thirty  feet  high,  is  seen  rising  near 
;  and  between  it  and  the  gravel  beach  (l)  are  seen  several  dead 
,  buried  partly  in  the  sand  of  the  dunes.  Now,  it  is  hardly  prob- 
the  shore  was  as  barren  as  it  is  now,  when  the  trees  first  grew  in 
.  Being  apparently  of  the  same  kind  as  those  in  the  rear  of  the 
3h  are  rooted  in  the  alluvial  soil  of  the  point,  it  is  but  natural  to 
lat  they  belong  to  a  similar  soil,  and  attained  their  full  size  before 
vas  formed.    Thus  it  would  follow  that  the  dune  has  taken  pos- 

the  soil  subsequently  to  thfe  growth  of  the  pines,  which  have 
been  killed  by  its  encroachment. 
ir  instance  of  the  recent  increase  of  dunes  lias  been  previously 

as  occurring  near  the  mouth  of  Traine  river,  where  young  elders 
lly  be  seen  buried  to  the  limbs  in  the  sand  of  the  dunes ;  and  there 
any  doubt  that,  like  those  of  White-fish  Point,  they  will  die,  if 
s  not  removed. 

ilso  occur,  to  some  extent,  along  the  shore  of  Keweenaw  Point, 
lagle  Harbor.     They  here  line  the  coast  for  a  considerable  dis- 

do  not  exceed  twenty-five  or  thirty  feet  in  height, 
luth  of  Eagle  river  is  likewise  lined  with  a  successvoxi  ^1  d^si^ 
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ridges ;  the  highest  of  which,  and  also  the  most  distant  from  the  beach,  I 
found,  by  measurement  with  a  pocket-level,  to  be  forty-seven  feet.  iJke 
those  of  Pointe  aux  Chenes,  they  are  covered  with  a  scanty  vegetation. 

Dunes  of  less  extent  occur  at  the  mouth  of  several  nvers,  both  on  Lake 
Superior  and  Lake  Michigan.  On  the  former,  I  would,  mention  those  of 
Chocolate  and  Traine  rivers,  which  are  as  much  as  thirty^six  feet  high ;  on 
the  latter,  those  at  the  mouths  of  the  Manistee  and  Menomonee,  along  the 
western  shore  of  Green  bay.  More  extensive  dunes  occur,  I  am  toln,  on 
the  north  shore  of  Lake  Erie,  on  that  extensive  spit  or  hook  called  Long 
Point,  where  they  appear,  from  a  distance  at  sea,  as  a  chain  of  very  singiQ- 
lar  hills.  »  Mr.  Murray  mentions,  also,  dunes  in  several  places  along  m ' 
east  shore  of  Lake  Huron.  At  Port  Franck  they  rise  to  the  height  of  one 
hundred  feet  and  more. 

The  occurrence  of  dunes,  more  frequently  at  the  mouths  of  rivers  than 
elsewhere,  is  probably  to  be  accounted  for  by  the  fact  that  the  beaches  are 
here  more  extensive,  and  offer  a  greater  supply  of  sand. 

Origin  of  the  Dunes.  —  It  need  hardly  be  stated  that  the  dunes  arc 
nothing  else  than  the  sand  of  the  beaches,  raised  by  the  winds  when  dry, 
and  heaped  up  in  these  irregular  hillocks.  This  process  may  be  witnessed 
on  every  sand  beach  where  the  wind  has  free  access ;  besides,  we  need  onlj 
compare  a  handful  of  the  dune  sand  with  the  sand  of  the  beach,  where  it 
is  homogeneous,  to  be  convinced  that  the  two  are  identical. 

The  dunes  which  we  have  been  describing,  therefore,  enable  us  to  correct 
an  erroneous  impression  as  to  their  mode  of  formation.  The  circumstance 
that  the  most  celebrated  among  the  oceanic  dunes,  those  of  Holland  in 
Europe,  and  of  Cape  Cod  in  this  country,  occur  on  coasts  where  there  is  a 
considerable  rise  and  fall  of  the  tide,  led  to  the  inference  that  tides  were 
necessary  to  their  formation ;  it  being  known  that  the  sand  of  the  beach 
frequently  becomes  sufficiently  dried,  during  the  ebb,  to  be  carried  off  by 
the  winds.  The  above  mentioned  instances  of  dunes  on  the  shores  of  the 
upper  lakes  will  suffice  to  refute  this  opinion,  by  showing  that  tides  are  not 
necessary  to  their  existence,  and  that  the  mere  action  of  waves  is  sufficient 
to  supply  the  materials  for  their  formation  on  an  extensive  scale. 

Another  feature  of  dunes,  both  on  the  shores  of  the  ocean  and  of  the  I 
lakes,  which  I  would  mention,  is,  that  they  occur  only  on  flat  coasts,  where  I 
the  waters  are  subjected  to  considerable  motion,  either  from  currents,  or 
from  the  action  of  the  winds,  or  from  both  these  causes  combined. 

Now,  this  law  is  strikingly  illustrated  by  the  dunes  of  the  upper  lakes. 
As  was  stated  before,  the  most  conspicuous  ones  occur  on  the  eastern  shore 
of  Lake  Michiffan,  in  those  regions  which  are  most  exposed  to  the  winds. 
The  dunes  of  rointe  aux  Chenes,  which  we  have  just  been  describing,  are 
also  exactly  in  the  direction  of  the  prevailing  winds;  and,  moreover,  it 
can  be  shown  that  they  were  formed  from  west  to  east ;  whereas,  the  west- 
ern coasts,  both  of  Green  Bay  and  Lake  Michiffan,  are  entirely  destitute  of 
them.  It  is  true  that  dunes  are  equally  wanting  on  the  eastern  shore  of 
Green  Bav  ;  but  this  is  owing  to  the  steep  limestone  bluffs  which  line  the 
coast,  and  do  not  favor  any  considerable  accumulation  of  sand  on  the  beach. 
The  dunes  of  White-fish  Point  are  also  in  the  direction  of  the  prevailing 
gales,  which  blow  here  from  the  north-west. 

Considering  the  phenomenon  of  the  dunes,  as  a  whole,  it  would  appear 

that  it  exclusively  belongs  to  the  present  era ;  at  least,  we  do  not  know  of 

any  instance  of  their  occunenoe  xeSembk  lo  ^  previous  epoch ;  whereai| 
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fhey  are  firwjucntly  found  coTering  the  most  recent  of  the  quaternary  depo- 
sits. Thus,  It  is  not  uncommon  to  find  them  resting  upon  peat  bogs,  both 
[)n  this  side  of  the  Atlantic  and  on  the  European  coasts ;  and  I  feel  confident 
that  similar  instances  might  be  discovered  along  the  upper  lakes.  At  any 
rate,  the  fact  that  they  are  composed  of  sand  gathered  from  the  beaches  is, 
in  itself,  sufficient  evidence  of  their  very  recent  origin ;  it  having  been  shown, 
in  the  foregoing  pages,  that  the  sand  beaches,  together  with  the  sand  flats 
>f  the  upper  lakes,  belong  to  the  most  recent  deposits.  Indeed,  so  mani- 
bld  are  the  evidences  of  the  modem  origin  of  dunes  that  M.  Elie  de  Beau- 
nont  has  even  proposed  to  designate  the  actual  period  as  the  Era  of  dunes, 
[t  would  appear  that,  since  dunes  began  to  form,  no  change  of  any  conse- 
|uence  has  taken  place  in  the  relative  distribution  of  land  and  water,  either 
ilong  the  ocean,  or  in  the  region  of  the  great  lakes.  ^ 

Dune-like  Ridges. — There  are  various  localities  along  the  upper  lakes 
vhere  the  dunes  seem  to  pass  gradually  into  sand-beaches,  or,  at  least, 
issume  such  a  regular  outline  that  it  is  sometimes  difficult  to  identify  them. 
\^  an  instance,  I  would  mention  a  series  of  low  ridges  near  the  mouth  of 
Praine  river,  on  Lake  Superior,  where  they  cover  a  surface  of  at  least  a 
nile  in  width,  stretching  from  N.E.  to  S.W.,  and  separated  by  trough-like 
lepressions,  generally  filled  with  water.  They  are  also  covered  by  a  fine 
growth  of  white,  yellow  and  black  pines  {Pinus  Banksiana);  so  regular  and 
o  parallel  indeed  are  these  ridges  that,  when  crossing  them  in  going  from 
he  interior  towards  the  shore,  they  appear  very  much  like  ancient  beaches, 
:nd  it  would  be  but  natural  to  consider  them  as  such,  were  it  not  for  their 
lomogeneous  composition.  In  proportion  as  w^e  approach  near  the  shore, 
he  vegetation  disappears,  the  trees  become  less  abundant,  and,  at  last,  the 
idges  graduate  insensibly  into  the  barren  dunes  which  line  the  river.  Now, 
here  can  be  no  doubt  that  the  latter  are  genuine  dunes ;  and  since  they  are 
larallel  and  identical  in  composition  with  the  ridges  in  the  rear,  the  infer- 
nce  is  but  natural  that  the  latter  have  originated  in  the  same  manner. 
iTery  probably  they  are  the  result  of  the  combined  action  of  wind  and 
raves.  A  series  of  similar  ridges  or  parallel  dunes  occur  at  the  mouth  of 
diners'  river,  and  also  in  various  places  between  Grand  Marais  and  Two- 
learted  river.  Near  the  mouth  of  the  latter  river,  they  rise  to  the  height 
>f  eighty  feet.  When  the  dune  ridges  are  too  crowded,  their  unequal  slope 
5  sufficient  to  indicate  their  true  origin — the  lee-slope,  which  is  here  the 
eastern,  being  much  steeper  and  shorter  than  the  opposite  or  western  slope. 
Vhen,  however,  as  it  sometimes  happens,  the  ridges  are  so  crowded  as  to 
>bliterate  these  features,  it  is  not  always  easy  to  distinguish  them  from  the 
mderlying  sand  deposit,  especially  when  the  latter  is  composed  of  fine  and 
lomogeneous  materials.  By  closer  examination,  however,  I  generally  suc- 
eeded  in  discovering  some  place  along  the  shore  where  the  base  was  strati- 
led  ;  whereas,  the  ridges  above  were  not. 

It  may  still  be  asked  whether  these  ridges,  in  spite  of  their  want  of 
tratification,  might  not  have  been  formed  under  water  through  the  agency 
>f  some  current  which  would  have  prevented  a  regular  stratification ;  and, 
ikewise,  if  their  unequal  slope  might  not  be  owing  to  some  subaqueous 
ause.  Without  denying  the  possibility  of  such  an  origin,  I  would  remark, 
hat  none  of  the  shoals  or  submarine  ridges  with  which  I  am  acquainted, 
xhibit  any  such  feature;  and,  moreover,  they  generally  contain  some  peb- 
bles either  intermingled  with  them  or  occurring  m  their  immediate  vicinity. 
It  any  rate,  if  it  should  be  proved  that  they  are  not  ttu^  d>\raft^,  W\.VSas; 
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ridges ;  the  highest  of  which^  and  also  the  most 

found,  by  measurement  with  a  pocket-level,  to  be  fof  ^ 
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those  of  Pointe  aux  Chenes,  they  are  covered  with 
Dunes  of  less  extent  occur  at  the  mouth  of  sevf  f 
Superior  and  Lake  Michigan.     On  the  former, '/^ 
Chocolate  and  Traine  rivers,  which  are  as  muc^  /  \ ': 
the  latter,  those  at  the  mouths  of  the  Manist  ;^  ^^ 
western  shore  of  Green  bay.     More  exteuF*  \  ^  ^ 
the  north  shore  of  Lake  Erie,  on  that  ext 
Point,  where  they  appear,  from  a  distancf 
lar  hills.  »  Mr.  Murray  mentions,  also,    : 
east  shore  of  Lake  Huron.     At  Port  F.  V 
hundred  feet  and  more.  ' ' 

The  occurrence  of  dunes,  more  fr  ,  .  , 
elsewhere,  is  probably  to  be  accoun'     "    . 
here  more  extensive,  and  offer  a  g»  f   ,  -^ 

Origin  of  the  Dunes.  —  It  n^ 
nothing  else  than  the  sand  of  t> , 
and  heaped  up  in  these  irregulr  ^ 
on  every  sand  beach  where  tb  <  f 
compare  a  handful  of  the  dv  ; 
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Terraces  at  Saut  Ste,  Marie. 
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^'  fort  Brady,  below  the  Rapids. 


U.  Drift  terrace. 
4.  Mission. 


AS  wa  tiB^^  ^^         *^'^  alluvial  terraces  (1)  are  a  iine  yellow  sand, 

of  L^     ^  ^Sy>  ®"^  exhibiting  in  various  places  marks  of  cross-stratifi- 
The      ^^!Jm»PP^^^^^^^  ^^  ^^  ^'^""y  ^^^^^^^^^  ^i'oni  that  of  the  drift  of  the 
*V    ce  r/  **^^*  ^^  "^"^^  ^^  evident,  at  first  sight,  that  they  cannot  by 
c^t  ie^^long  to  ttc  same  formation.     On  the  other  hand,  when  we  con- 
"/V^ttent  of  the  terrace  and  the  abrupt  manner  in  which  it  breaks  off 
5r  ^fVe  feel  naturally  inclined  to  ascribe  it  to  a  different  origm  from 
t^^^e  ordinary  alluvial  deposits,  and  I  was  at  first  tempted  to  regard 
Lt^lotig^^S  ^^  *^^  loi^ss,  rather  than  the  alluvium.     This  impression, 
•f$$^  vanished  when  I  came  to  examine  the  topographical  features  of 
lo^^My  in  detail.    The  highest  terrace  at  the  fort,  although  twenty 
^  '^e  the  river,  is  almost  on  a  level  with  the  beach  at  the  head  of  the 
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result  of  aqueous  action,  they  can  by  no  means  be  recent  beaches,  for  their 
direction  far  from  being  parallel  to  the  shore,  is  almost  perpendicular  to  it 
Biesides,  the  recent  beaches,  in  the  vicinity  of  Two-hearted  river  at  least, 
are  entirely  different  in  their  composition,  consisting  almost  exclusively  of 
rounded  and  water-worn  pebbles, 

Ancient  Beaches  and  Terraces. — The  various  kinds  of  alluvial  deposits, 
which  we  have  thus  far  been  examining,  can  all  be  readily  explained  by 
the  action  of  existing  causes,  without  recurring  to  any  change  in  the  rela- 
tive level  of  land  and  water.  There  are  others,  equally  independent  of 
any  great  geological  changes,  which  seem  to  indicate,  nowever,  a  higher 
stage  of  the  waters  along  the  lakes  and  rivers  at  the  time  of  their  forma- 
tion, or  such  changes  as  may  be  explained  by  the  prolonged  action  of  actual 
agencies.  A  most  striking  example  of  this  kind  occurs  at  Saut  Ste.  Marie, 
near  the  outlet  of  Lake  Superior.  There  is  to  be  seen  on  the  left  bank  of 
the  river,  an  extension  terrace,  on  the  margin  of  which  the  fort  and  the  village 
are  built.  Its  height  at  the  fort  is  twenty-one  feet  above  the  water ;  thence, 
it  stretches  for  nearly  a  mile  to  the  foot  of  the  drift  terrace,  near  the  Mis- 
sion farm  ;  but  in  the  rear  of  the  village  there  is  an  abrupt  rise  of  seven 
feety  especially  conspicuous  near  the  Baptist  mission.  From  this  point  to 
the  foot  of  the  drift  terrace,  the  ground  is  covered  with  an  endless  variety 
of  boulders,  which  are  so  numerous  in  place?,  as  to  render  the  soil  unfit  for 
cultivation. 

The  following  section  (Fig.  t34)  will  show  the  relative  height  and  position 
of  these  terraces. 

Pig.  84. 
6.  4.  & 


Terraces  at  Saut  Ste.  Marie. 

1.  Alluvial  terraces.  U.  Drift  terrace. 

•  3.  Mission  faiin.  4.  Mission. 

6.  Fort  Brady,  below  the  Rapids. 

The  materials  of  the  two  alluvial  terraces  (1)  are  a  fine  yellow  sand, 
somewhat  loamy,  and  exhibiting  in  various  places  marks  of  cross-stratifi- 
cation. The  appearance  is  so  very  different  fi'om  that  of  the  drift  of  the 
upper  terrace  {2)  that  it  must  be  evident,  at  first  sight,  that  they  cannot  by 
any  means  belong  to  the  same  formation.  On  the  other  hand,  when  we  con- 
sider the  extent  of  the  terrace  and  the  abrupt  manner  in  which  it  breaks  off 
at  the  fort,  we  feel  naturally  inclined  to  ascribe  it  to  a  different  origin  from 
that  of  the  ordinary  alluvial  deposits,  and  I  was  at  first  tempted  to  regard 
it  as  belonging  to  the  loess,  rather  than  the  alluvium.  This  impression, 
however,  vanished  when  I  came  to  examine  the  topographical  features  of 
the  locaUty  in  detail.  The  highest  terrace  at  the  fort,  although  twenty 
feet  above  the  river,  is  almost  on  a  level  with  the  beach  at  the  head  of  the 
rapids. 
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Alluvial  terrace  at  Saiit  Ste,  Marie. 


1.  Drift  terrrace. 

2.  Alluvial  t<;iTace. 


8.  Rapids. 


* 

^ 


The  above  profile  distinctly  shows  that  the  height  of  the  terrace  above 
e  river,  at  the  fort,  is  mq-ely  the  result  of  the  fall  of  the  rapids.  If, 
stead  of  terminating  n^ar  the  upper  part  of  the  village  they  extended  as 
r  down  as  the  fort,  the  small  terrace  by  the  Baptist  mission  would  not  by 
y  means  exceed  the  average  height  of  the  ordinary  alluvial  beaches, 
ow  there  is,  as  we  shall  see  farther  on,  some  ground  for  believing  that  in 
rmer  times  the  rapids  extended  farther  down.  At  that  time  the  ground 
.  which  the  fort  now*  stands  must  have  been  a  wide  flat  over  which  the 
ulders  were  carried,  probably  by  ice-rafts,  and  stranded  beyond  the  tem- 
rary  shore,  which  is  indicated  by  the  little  terrace  near  the  Baptist  mission, 
lere  are,  besides,  near  the  head  of  the  rapids,  patches  of  alluvial  sands 
d  boulders  at  a  still  higher  level,  belonging  to  the  same  deposit ;  nor  is 
at  all  improbable  that  some  of  the  terraces  mentioned  by  Mr.  Bela  Hub- 
rd  in  his  report,  as  occurring  along  the  shore  of  Lake  Superior,  may  be* 
ig  to  this  earliest  stage  of  the  alluvial  period.*. 

Boulders  of  Saut  Ste.  Marie. — In  a  former  report,  I  alluded  to  those 
naricable  accumulations  at  this  point.  My  object  then  was  merely  to 
3w  that  they  did  not  belong  to  the  drift  but  the  alluvial  epoch.  Of  this 
i  need  no  better  proof  than  the  fact  that  they  are  found  scattered  in  ^eat 
mbers  over  the  surface  of  the  alluvial  terrace  just  described.  The  litho- 
siphic  sketch,  Plate  XX,  represents  their  accumulation  on  the  right  bank 
the  foot  of  the  rapids,  although  very  conspicuous  in  the  western  portion 

the  village  and  along  the  road  leading  to  the  head  of  the  portage,  and 
»y  are  still  more  abundant  in  the  rear  of  the  fort.  At  the  Baptist  mis- 
n  they  are  found  twenty-eight  feet  above  the  foot  of  the  rapids,  and  it 
plain  that  no  freshet  05  gale  could  have  raised  the  river  so  as  to  strand 
jm  there ;  but,  when  we  take  into  account  the  peculiar  topography  of  the 
intry,  and  start  from  the  level  of  the  river,  at  the  head  of  the  portage 
tead  of  below,  it  will  be  found  that  their  distribution  can  be  accounted 

by  the  operation  of  such  causes  as  are  now  in  action,  and  without  the 
iessity  of  recurring  to  any  considerable  change  in  the  level  of  the  coun- 
r.  It  would  appear  that  a  rise  of  but  a  few  feet  would  enable  the  lake 
reach  the  level  of  the  main  tracks  of  the  boulders  between  the  head  of 

According  to  Mr.  Hubbard,  « these  ridges  withont  doubt  once  constitnted  the  shores 
the  lake  at  an  era  when  its  waters  were,  for  a  considerable  period,  at  an  elevation  of  about 
snty-five  or  thirty  feet  above  the  present  level.  Their  greatest  distance  inland  from  thd 
«ent  coast  is  two  and  a  half  miles." — Report  on  the  Geology  and  Topography  of  Laie  Supe* 
r.^'DocummU  ae€Qm;panying  tht  ^rtsideni'a  Measagt  for  1^^^  ^.  €*^^. 
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the  rajrids  and  the  Tillage  of  the  Saut.    Here,  however,  a  difficulty  arisej 
with  ngard  to  those  which  extend  beyond  the  rapids.     We  can  readily 
conceive  how  those  near  the  head  became  stranded,  especially  when  encased 
in  ice  <  nd  heaped  upon  the  shore ;  but  how  are  we  to  account  for  those 
which  occur  at  the  same  level  beyond,  notwithstanding  the  twenty  feet 
descent  in  the  river?    The  only  satisfactory  explanation  is  this.     If  the 
rapids,  instead  of  terminating  at  the  entrance  to  the  village,  had  extended 
at  one  time  beyond  the  fort,  there  would  be  no  difficulty  in  accounting  for 
the  position  of  the  boulders.     Now,  if  we  consider  that  the  bed  of  the 
river  is  excavated  in  a  fissile  sandstone,  the  supposition  is  by  no  means  un 
warrantable  that  the  rapids  have  receded  from  the  fort  to  their  present 
pofT  tion,  within  the  alluvial  epoch.     So  far  as  I  know,  the  boulders  extend^ 
but  a  short  distance  below  the  rapids,  thus  shewing  that  their  transporta- 
tion, by  whatever  means  it  may  have  been  accomplished,  was  limited  to  the 
immediate  neighborhood :  consequently,  according  to  this   hypothesis,  it 
would  not  be  necessary  to  assume  a  recession  beyond  the  limits  of  a  fair 
analogy.     But,  suppose  farther  that  the  head  of  the  rapids  were  somewhat 
higher  at  that  time  than  now ;  we  would  not  only  account  for  the  boulders 
of  the  neighborhood,  but  for  the  alluvial  terraces  and  ancient  beaches  along 
the  shores  of  Lake  Superior.     Mr.  Whittlesey  has  applied  this  hypothesis 
to  explain  the  origin  of  the  ancient  beaches  along  the  straits  of  Mackinac. 

Assuming  that  the  distribution  of  the  boulders  at  the  Saut  resulted  from 
the  retrocession  of  the  rapids,  it  will  be  conceded  tl^t  their  transportation 
must  have  taken  place  gradually  and  at  different  periods,  since  they  occur 
at  all  levels  from  the  margin  of  the  lake  to  the  distance  of  ten  and  fifteen 
feet  above  its  level,  forming  in  many  places  groups  as  though  they  had  been 
stranded  in  the  same  direction.  Thus,  these  boulders,  like  the  dunes  and 
flats  of  the  upper  lakes,  are  to  be  ranked  among  the  most  recent  monu- 
ments of  the  quaternary  period ;  and  there  is  but  little  doubt  that  many 
have  been  stranded  within  the  memory  of  man,  although  I  have  not  been 
able  to  gather  any  direct  information  on  this  point. 

As  another  striking  instance  of  stranded  boulders,  I  would  mention  those 
of  Round  island,  opposite  Mackinac.  They  occur  mainly  at  the  water's 
edge,  on  the  north-eastern  shore ;  and,  since  there  is  no  drift  in  the  neighbor- 
hood from  which  they  could  have  been  washed  out,  there  can  hardly  be  a 
doubt  that  they  were  transported  by  ice-rafts  from  distant  points, — perhaps 
from  the  northern  or  north-eastern  shore  of  Lake  Huron. 

We  here  append  an  account  of  the  ancient  and  present  beaches  of  Lake 
Michigan,  by  Mr.  Whittlesey,  as  illustrating  still  farther  the  phenomena  oj 
the  superficial  deposits  of  this  district. 

The  anfiient  and  present  Beaches  of  Lhke  Michigan, 

BY  MR.  WHITTLESEY. 

On  the  subject  of  the  ancient  and  present  beaches  of  the  upper  lakes 
it  will  not  be  necessary  to  dwell  at  length.  The  profiles  and  sections  which 
accompany  this  chapter  will  show,  at  a  glance,  their  uniformity  and  their 
characteristic  features.  They  unquestionably  belong  to  the  recent  period, 
and  are  due  to  fluctuations  in  the  surfaces  of  the  lakes,  since  the  era  of  the 
dnft.    They  are  the  natural  modifications  of  the  drift  and  shingle  deposits, 
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arising  from  the  action  of  the  waves  on  the  shore*  The  most  elevated  and 
those  intermediate  cannot  be  distinguished  in  form  or  composition,  from 
those  ndw  being  formed  at  the  water's  edge.  They  are,  however,  deserv- 
ing the  name  oi  "ancient  beaches,"  as  compared  with  those  of  the  histori- 
cal period,  as  is  evident  from  the  fact  that  they  are  covered  with  growing 
trees,  such  as  elms  and  cedars  of  very  great  antiquity.  The  height  to  which 
the  action  of  the  waves  reaches,  and,  consequently,  the  height  of  the  present 
beaches,  depends  upon  the  exposure  of  the  shore,  and  the  force  and  direction 
of  the  prevailing  winds. 

The  following  sections  (Figs.  36, 37)  will  serve  to  illustrate  their  nature : 

Fig.  86. 


Beaches  at  Lime  island^  St.  Mary^s  river  :  Distance ,  ten  rods. 

A.  Niagara  limestone.    B.  Water-worn  limestone  gravel.    Kos.  1,  2,  4,  6,  and  12,  rep- 
resent the  height  in  feet. 

The   followmg  section  (Fig.  37)   occurs  on  the  north  shore  of  Lake 
Michigan,  on  the  south  side  of  point  St.  Ignace : 

Fig.  37. 
18  16    _      18  11     6 


Beaches  at  St.  Ignace. 

The  distance  is  fifteen  rods,  and  the  height  between  the  water  line 
and  the  most  ancient  of  the  beaches,  is  eighteen  feet.  The  underlying  rbck 
A  consists  of  the  Niagara  limestone,  covered  with  water-worn  materials, 
B.     There  are  here  no  less  than  five  beaches. 

Numerous  sections  of  this  character  have  been  observed  at  diflFerent 
points.  Thus,  one  mile  east  of  Biddle  river,  there  are  four  ancient  beaches?, 
within  the  distance  of  twenty  rods,  respectively  rising  ten  and  one-half, 
thirteen,  fifteen  and  three-quarters,  and  seventeen  and  one-half  feet  above 
the  water.  Two  miles  east  of  Point  Patterson,  there  are  no  less  than  five, 
within  the  distance  of  thirty  rods,  respectively  rising  three,  four,  six,  fif- 
teen, and  eighteen  feet  above  the  water.  One  mile  west  of  Seul  Choix, 
there  are  three,  rising,  ipspectively,  six,  twelve,  and  fifteen  feet. 

The  coast  bluffs  on  the  west  side  of  St.  Martinis  island  present  a  sec- 
tion somewhat  like  the  following  (Fig.  38) : 

Fig.  88. 


A.  Niagara  llmostone.  B.  Coarse,  water-washed  limestone  gravel,  fburteen  feet  above  th« 
hke-lcvcl. 
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On  the  north-east  side  of  Pota^atomee  island,  the  cliffs  of  limestone  rise 
to  the  height  of  eighty  feet ;  but,  resting  on  a  projection,  as  in  the  above 
section,  is  seen  the  remnant  of  an  ancient  beach,  eighteen  feet  abore  the 
lake-level.     It  is  deemed  unnecessary  to  give  further  examples. 

By  referring  to  the  subsequent  chapter  on  the  fluctuations  of  the  su^ 
fares  of  the  lakes,  it  will  be  seen  that  Lake  Michigan  and  Lake  Erie  have, 
since  the  beginning  of  the  present  century,  varied  about  six  feet.  In  case 
that  the  waters  of  lakes  Michigan  and  Huron  have  stood  for  a  considerable 
length  of  time  —  say  one  or  two  years  —  at  an  elevation  of  six  feet  above 
the  level  of  the  summer  of  1850,  the  ridges  within  twelve  feet  of  the  water- 
line  on  the  above  sections  would  have  been  formed. 

It  will  be  perceived  that  a  majority  of  these  sections  have  four  ridges,  often 
less,  but  in  only  one  instance  more.  .  Four  stages  of  considerable  promi- 
nence are  thus  indicated,  and  the  effects  of  the  lake  waters,  in  no  case,  are 
perceived  at  a  higher  elevation  than  eighteen  feet. 

The  two  most  interesting  cases  of  water-washed  beach  gravel,  raised  to 
considerable  elevations,  are  at  the  cliffs  of  St.  Martin's  and  the  Potawato- 
xnee  islands.  These  are  upon  perpendicular  or  shelving  rocks,  with  no 
shingle  at  their  base. 

It  will  be  perceived  that  the  fourth  and  oldest  beach  is  very  uniform  in 
height.  In  few  places  it  does  not  fall  below  sixteen,  or  rise  above  eighteen 
feet.  On  the  supposition  that  a  beach  of  eighteen  feet  indicates  a  stage  of 
water  six  feet  below  the  crest  of  the  ridge,  as  it  does,  generally,  at  the  pre- 
sent time,  the  most  elevated  stage  of  the  lake  must  have  been  twelve  feet 
above  that  of  1850.  The  lakes  during  that  year  were  low,  but  not  so  low 
as  they  have  been  since  the  permanent  settlement  of  the  country  by  the 
whites. 

Allowing  six  feet  as  the  greatest  known  and  recorded  fluctuation,  it 
places  the  stage  of  water,  widen  formed  the  most  ancient  of  the  beaches,  more 
than  six  feet  above  the  highest  known  stage.  May  not  this  state  of  things 
occur  again  ?  It  has  not,  evidently,  taken  place  within  several  centuries, 
since  trees  are  found  flourishing  on  the  third  and  fourth  beaches.  Such  an 
event  would  be  of  no  great  detriment  to  wild  beasts  or  savages,  but  would 
prove  a  great  calauuty  to  a  civilized  people.  It  is  evident,  from  our  own 
observations  on  the  rise  of  the  lake  waters,  that  the  outlets  are  not  suffi- 
cient to  allow  a  rapidly  accumulating  surplus  to  pass  off  within  several 
years. 

Suppose  that  there  was  a  long  succession  of  humid  seasons  over  the 
whole  area ;  there  is  nothing  to  prevent  a  rise  beyond  what  we  have  yet 
observed.  An  examination  of  the  statements  furnished  in  the  succeeding 
chapter,  as  to  the  amount  of  falling  water  in  the  lake  country,  the  loss  by 
evaporation,  and  the  comparative  surface  of  the  reservoirs  into  which  it 
must  flow,  will  show  that  a  much  greater  rise  might,  in  a  certain  combina- 
tion of  circumstances  be  reasonably  expected. 

On  the  other  hand,  it  is  probable  that  the  outlet  of  Like  Huron,  at  Fort 
Gratiot,  has  been  deepened,  if  not  widened,  by  the  action  of  a  strong  and 
ceaseless  current,  operating  for  many  centuries  on  a  sand  and  gravel  bottom. 

The  outlets  of  laKes  Superior  and  Erie,  being  over  a  rocky  bed,  have  not 
probably  changed  as  much.  So  far  as  my  observations  go,  there  are  not  to 
be  found  around  their  borders,  ridges  and  beaches  of  recent  origin,  as 
high  as  those  of  Huron  and  Michigan.  The  former,  if  their  debouchures 
j^KC  remained  entire^  have  been  exposed  to  th^  same  meteorological  causeS| 


should  therefore  show  evidences  of  equally  high  water.  I  infer,  there* 
,  that  the  beaches  of  lakes  Huron  and  Micmgan  afford  probable  eviaence 
change  in  their  outlet,  by  widening  and  deepening  the  channel.  I  do 
allude,  in  this  connection,  to  those  terraces  and  ridges  which  border  all 
lakes  at  an  elevation  ranging  from  thirty  to  two  hundred  and  fifty  feet. 
36  are  due  to  a  much  more  ancient  and  permanent  elevation  of  the 
^rs, — ^phenomena  which  have  been  discussed  in  a  previous  portion  of 
•eport. 


to 
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CHAPTER  XVII. 

ON  THE  ELEVATION  OF  MOUNTAIN  CHAINS. 

Importance  of  the  Study  of  the  Structure  of  Mountain  Chains. — Objedl  of 
this  Chapter. — Structure  of  Mountains.  —  Contraction  of  the  Earth  tht 
fundamental  Cause  of  the  Elevation  of  Mountains. — Parallelism  of 
Systems  of  Elevation  of  the  same  geological  Age. — Investigations  of 
Elie  de  Beaumont.  —  Systems  of  Elevation  in  J^orth  America. — Syf- 
tems  of  Elevation  in  Europe.  —  Comparison  of  the  Directions  of  Euro' 
pean  Systems  mith  those  of  America. 

Among  the  many  interesting  subjects  of  investigation  to  the  geological 
observer,  there  are  few  which  can  so  justly  claim  a  large  share  of  his  atten- 
tion as  that  of  the  structure  and  relations  of  mountain  chains.  Next  to  the 
division  of  the  surface  of  the  earth  into  land  and  water,  the  direction,  height, 
and  form  of  the  elevated  ridges,  which  traverse  the  land,  play  the  most  im- 
portant part  in  its  physical  history.  While  the  student  of  philology,  ethnog- 
raphy, and  physical  geography  alike  see  the  immense  influence  which 
the  position  and  direction  of  mountain  chains  have  exercised  in  the  distribu- 
tion of  languages,  in  the  migration  of  races  of  men,  in  giving  form  and  out- 
line to  continents,  and  in  the  modification  of  climate ;  the  geologist  acknow- 
ledges in  them  the  grandest  and  most  imperishable  record  of  the  great  cycle 
of  events,  the  study  of  which  is  his  peculiar  province. 

Hence  those  inquiries,  which  have  for  their  object  the  determination  of 
the  nature  of  the  dynamical  forces  which  have  given  origin  to  the  great 
features  of  the  earth's  surface,  the  laws  which  have  regulated  their  direc- 
tion and  their  chronological  succession,  will  be  readily  acknowledged  to 
be  of  the  highest  importance. 

To  these  investigations  the  attention  of  geologists  has  been  especially 
directed  by  the  comprehensive  labors  of  Elie  de  Beaumont,  who  for  the 
last  twenty  years  has  made  this  the  particular  subject  of  study,  and  whose 
researches  have  been  distinguished  by  the  most  admirable  ingenuity  and 
perseverance.  ^ 

The  object  of  this  chapter  is  to  call  attention,  w^will  not  say  to  the  theory, 
but  to  the  great  facts  wjiich  have  been  developed  by  De  Beaumont,  in  the 
course  of  his  investigations,  and  then  attempt  to  compare  some  of  these  re- 
sults with  corresponding  ones  on  this  side  of  the  Atlantic ;  and  especially 
such  as  have  been  obtained  by  us  in  the  region  of  Lake  Soperior. 

In  order  to  a  clear  understanding  of  this  subject,  it  will  be  necessary  to 
consider  the  internal  structure  of  mountain  chains ;  and  also  some  of  the 
principal  theories  which  have  been  proposed  to  account  for  their  formation, 
or  elevation.  Here,  however,  it  is  important  to  bear  in  mind  that  the  ob- 
servations of  De  Beaumont  are  entirely  independent  of  any  theory  with  re- 
gard to  the  peculiar  mode  of  upheaval  of  mountains,  or  the  causes  by  which 
the  ridging  and  folding  of  the  earth's  crust  have  been  produced.  His  great 
object  has  been,  simply  to  trace  out,  on  tke  s\xti9.ce  of  the  globe,  the  direo- 
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le  great  lines  of  fracture  and  uplift,  and  to  ascertain  their  relative 
'  succession.  The  result  of  his  investigations  has  been  to  accumulate 
lass  of  facts  which  seem  to  show  a  very  near  approach  to  parallelism 
lountain  chains,  or  lines  of  fracture  of  the  same  geological  epoch 
lut  the  continent  of  Europe,  which  has  been  the  principal  field  of  his 
js.  He  has,  however,  not  confined  his  investigations  to  that  conti- 
r,  but  has  traced  out,  in  other  countries,  several  of  the  systems  of 
which  he  has  recognized  in  Europe,  and  shown  a  marked  coinci- 
their  direction, — indicating  that  certain  movements  of  the  earth's 
[  taken  place  simultaneously,  and  in  parallel  lines  over  a  large  por- 
s  surface. 

hole  subject  of  the  parallelism  of  mountain  chains,  and  the  determi- 
'  their  relative  ages,  depends  on  the  arrangement  and  position  of  the 
stratified  groups  which  have  been  disturbed  and  elevated  at  the 
their  formation  ;  or  which,  since  that  period,  have  been  deposited 
ly  horizontal  position  upon  the  previously  disturbed  strata, 
stratified  beds  on  the  flanks  of  a  mountain  dip  away  from  it  at 
Table  angle,  it  is  evident,  that,  having  been  originally  deposited  in 
horizontal  position,  the  elevation  of  the  mountain,  which  was  the 
their  disturbance,  must  have  taken  place  after  their  deposition ;  or, 
words,  that  it  was  a  more  recent  geological  event.  If  a  group  of 
p  at  a  high  angle  from  the  central  elevated  mass,  and  is  again 
by  another  group  inclined  at  a  less  angle  than  the  former,  but 
ing  a  considerable  dip,  it  would  be  equally  evident  that  there  had 
)  successive  epochs  of  disturbance;  one  after  the  deposition  of 
Troup,  and  a  second  after  another  set  of  strata  had  been  deposited 
illy  upon  the  first.  If,  on  the  other  hand,  the  elevated  strata,  dip- 
considerable  angle  from  the  mountain,  are  covered  by  others  rest- 
ontally  on  them,  it  is  plain  that  the  elevation  of  the  central  mass 
:e  at  a  period  between  the  deposition  of  the  first  and  second  series, 
relation  of  mountain  chains  is  fixed,  by  reference  to  the  age  of  the 
bich  had  been  deposited  at  the  epoch  when  the  disturbance  or 
>k  place. 

imining  the  structure  of  mountain  chains,  however,  it  is  not  imfre- 
oupd  that  the  phenomena  which  they  present  are  of  a  more  compli- 
iracter,  since  the  action  of  the  elevatory  forces  was  not  exerted  in 
anner  as  to  produce  a  single  ridge,  from  which,  on  either  side,  the 
)  at  an  equal  angle.  There  may  be  a  succession  of  parallel  ridges 
es,  in  which  the  strata  assume  a  great  variety  of  positions,  accord- 
eir  relative  distance  from  the  line  from  which  the  disturbing  force 
ed  to  have  acted! 

n  the  admirable  sections  of  the  Professors  Rogers  across  the  great 
lian  chain,  we  have  a  series  of  plications  or  flexures  more  abrupt 
line  of  disturbing  action,  and  gradually  opening  outms  we  recede 
In  the  Alps  of  Switzerland,  we  have  abundant  examples  of  the 
fa  whole  series  of  sedimentary  beds  in  numerous  and  abrupt  plica- 
lere,  indeed,  large  masses  of  strata  are  sometimes  bent  back  upon 
es,  so  that  the  lower  members  appear  to  overlie  the  upper ;  and 
1  occur,  in  which  beds  of  an  older  geological  epoch  are  inverted, 
!ar  for  a  great  distance,  superimposed  on  those  of  a  much  newer 

iS  this,  there  are  many  instances  where  the  elevation  of  tke  stcala. 


\ 


[4  3 


276 


h93  not  been  attended  by  any  actual  protrusion  of  iraeous  matter,  forming 
a  ridge  or  crests  but  in  which  the  direction  of  the  elevating  forces  must  be 
inferred  from  the  prevailing  strike  of  the  strata.  Thus  the  direction  of 
actual  mountain  ridees  is  not  only  to  be  taken  into  consideration,  but  the 
general  direction  of  the  stratified  masses  becomes  an  essential  element  of 
such  investigations. 

Almost  all  geologists  are  agreed  in  opinion  as  to  the  great  fundamental 
cause  of  the  wrinkling  or  ridging  of  the  earth's  crust ;  or,  in  other  words, 
the  formation  of  mountain  chams.  The  theory  now  almost  universally 
adopted  is  founded  on  the  combined  results  of  the  most  careful  obsena- 
tions  of  distinguished  physicists  and  geologists,  and  the  profoundest  calcu- 
lations of  astronomical  and  mathematical  science.  .According  to  this  theory, 
it  is  inferred  that  the  earth  was  once  at  a  much  higher  temperature  than  at 
present ;  indeed,  that,  in  all  probability,  it  has  been  in  a  state  of  liquid 
fusion  ;  that,  among  the  first  results  of  the  cooling  process,  was  the  forma- 
tion of  a  solid  crust,  thin  at  first,  but  gradually  increasing  in  thickness  over 
the  still  liquid  interior  ;  and  that,  as  the  secular  refrigeration  continued,  the 
interior  gradually  contracted,  while  the  exterior  shell  or  portion  was  rup- 
tured, or  bent  and  folded,  in  endeavoring  to  accommodate  itself  to  the 
shrunken  nucleus  on  which  it  rested. 

General  as  is  the  adherence  among  geologists  to  the  idea  of  the  wrinkling 
of  the  earth's  crust  having  been  the  result  of  the  cooling  of  the  exterior, 
they  are  much  divided  in  opinion  with  regard  to  the  laws  which  nave  gov- 
erned the  action  of  this  great  cause,  and  the  precise  nature  of  the  cham  of 
events  by  which  the  present  state  of  the  surface  has  been  brought  about. 
Every  year,  however,  seems  to  indicate  a  nearer  approach  to  uniformity 
of  opinion  among  those  engaged  in  these  investigations ;  in  fact,  the  two 

freat  leaders  in  theoretical  geology,  in  the  Geological  Society  of  France, 
ave  admitted  that  their  differences  of  opinion  related  in  reality  to  the  use 
of  words,  rather  than  the  facts  themselves.  The  principal  question  which 
still  remains  in  discussion  between  them  is,  whether  the  word  elevation  can 
be  properly  applied  to  the  designation  of  a  phenomenon  dependent  on  the 
sinking  of  the  earth's  crust;  M.  de  Beaumont  maintaining  that,  inasmuch 
as  the  chief  visible  effect  is  to  produce  a  comparative  elevation  of  a 
certain  portion  of  the  surface,  therefore,  the  word  elevation  may  with  pro- 
priety be  retained  in  use  to  designate  the  formation  of  moimtain  chains. 

It  is  to  the  Danish  philosopher,  Steensen,  that  we  are  indebted  for  the 
first  recognition  of  the  fact  that  strata  of  different  ages  may  be  distin- 
guished from  each  other  by  their  discordance  of  stratification,  while  to 
Humboldt  is  due  the  credit  of  having  first  called  attention  to  the  constancy 
of  direction  in  the  so-called  primary  schistose  strata.  To  Elie  de  Beau- 
mont must  be  ascribed  the  first  distinct  attempt  to  investigate  systematically 
the  laws  which  have  governed  the  upheaval  of  mountain  masses,  and  the 
recognition  of 'the  parallelism  of  elevation  of  the  same  geological  age  over 
different  portions  of  the  earth's  surface ;  these  researches,  which  have  been 
carried  on  for  many  years  with  untiring  patience,  have  been  communicated 
to  the  world,  principally  through  the  medium  of  the  publications  of  the 
Academy  of  Sciences  and  the  Greological  Society  of  France. 

In  his  most  recent  publications  on  this  subject,  De  Beaumont  has  coordi- 
nated his  observations  and  placed  them  upon  a  mathematical  basis,  by  con- 
necting all  his  great  circles  of  comnarison  into  one  vast  net-work:,  the 
/HMvtiao  of  which  upon  the  surfoce  ov  the  ^oV>^  \a  ^e\)^Timiit^  \s^  thj^  ^o* 
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graphical  position  of  a  single  point,  and  the  direction  of  a  great  circle 
starting  from  that  poipt.  This  net- work  has  for  its  base  fifteen  great  circles 
cutting  each  other,  so  as  to  divide  the  surface  of  the  spheres  into  regular 
pentagons  ;  while  from  these  pentagonal  areas,  other  supplementary  circles 
are  developed  according  to  certain  simple  mathematical  laws.  The  great 
result  of  these  investigations  is,  that  the  wrinkling  of  the  earth's  crust  has 
been  effected  in  a  series  of  arcs,  the  directions  of  which  coincide  with  the 
lines  of  most  easy  crushing  of  a  sphere,  grsfdually  contracting  in  its  dimen- 
sions. 

Our  object  in  this  chapter  is  to  call  attention  to  the  investigations  of 
geologists  in  this  department  of  dynamics;  and,  so  far  as  is  in  our  power, 
to  furnish  the  materials  for  a  comparison  of  the  systems  of  elevation  observ- 
ed in  this  country,  and  especially  those  which  we  have  recognized  in  our 
own  district,  with  those  which  have  been  determined  by  De  Beaumont. 

For  this  purpose,  we  shall  first  describe  some  of  the  principal  systems  of 
elevation  which  have  given  configuration  to  the  continent  of  North  America, 
and  particularly  those  wliich  form  the  rim  of  the  Lake  Superior  basin ;  we 
shall  then  proceed  to  enumerate  some  of  the  more  important  of  De  Beau- 
mont's systems,  and  particularly  such  as  from  their  age  and  direction  appear 
to  be  of  more  importance  in  this  country.  The  number  of  these  systems 
has  gone  on  increasing  as  the  researches  of  geologists  have  gradually 
extended,  and  new  facts  have  been  accumulated  ;  and  it  is  to  be  expected 
that  every  year  will  add  to  this  list,  and  accumulate  new  data  of  compari- 
son for  such  as  have  akeady  been  adopted. 

SYSTEMS   OP   ELEVATION   IN   NORTH    AMERICA. 

There  are  three  grand  systems  of  elevation  which  appear  mainly  to  have 
determined  the  outlines  of  North  America. 

1.  The  first  we  denominate  the  Lake  Superior  system,  since  it  is  de- 
veloped on  both  shores  of  the  lake,  forming  the  divortia  aquarum  between 
Hudson's  bay  on  the  one  hand,  and  between  the  river  systems  of  Lake  Su- 
perior and  Lake  Michigan  on  the  other.  The  rocks  comprising  it  consist  ot 
granite,  ^eiss,  hornblende,  talcose  and  chlorite  slates,  and  belong  to  the 
azoic  series.  The  lowest  member  of  the  Silurian  series,  wherever  observed 
in  the  basin  of  Lake  Superior,  is  found  to  rest  undisturbed  upon  the  up- 
turned edges  of  these  slates,  or  to  occupy  preexisting  depressions  in  the 
igneous  rocks,  leaving  no  doubt  that  these  schists  were  elevated  and  folded 
before  the  dawn  of  the  Silurian  epoch.  The  direction  of  the  lines  of  bear- 
ing is  about  N.  80"  E.,  S.  80"  W. 

This  system,  as  developed  on  Lake  Superior,  is  but  a  portion  of  a  con- 
tinuous belt  which  stretches  from  Labrador  to  the  sources  of  the  Mississippi — 
forming  the  northern  brim  of  the  St.  Lawrence  valley — and  probably  beyond, 
even  to  the  flanks  of  the  Rocky  mountains.  Northwardly,  according  to 
Sir  John  Richardson,  it  extends  to  Coronation  gulf  in  the  Arctic  sea.  Upon 
the  northern  flanks  of  this  belt,  as  upon  the  southern,  the  Silurian  groups 
rest  unconformably.* 

If  we  examine  a  good  map  of  North  America,  we  find  that  this  belt  of 
,  country,  lying  between  Hudson's  bay  and  the  Rocky  mountains  and  em- 
bracing nearly  30°  of  latitude,  is  furi'owed  with  ridges,  the  prevailing  direc- 
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tion  of  which  is  a  little  XK)rth  of  east  and  south  of  west ;  among  these  maj 
be  mentioned  the  Arctic  hills,  the  High  hills,  and  the  Caribou  mountains 
The  trend  of  the  principal  lakes  conforms  to  this  direction.  This  is  the  case 
with  the  Great  Bear  lake,  near  the  borders  of  the  Arctic  sea.  Slave  lake, 
Athabasca  lake,  and  Lake  Superior.  The  trend,  however,  of  Great  and 
Little  Winnepeg  is  at  nearly  right  angles  to  this  direction,  and  it  may  have 
resulted  from  a  transverse  fissure.  The  trend  of  lakes  Michigan  and  Huron, 
also,  may  be  said  to  be  a  deviation  from  this  east  and  west  system,  but  we 
have  shown  that  this  has  resulted  from  denudation  rather  than  from  subsi- 
dence. 

The  Great-fish,  the  Unjiguh,  or  Peace  river,  the  Assiniboin,  and  Saskat- 
chewin  rivers  appear  to  flow  along  longitudinal  valleys ;  while  the  Macken- 
zie, Slave,  and  Athabasca  rivers  apparently  flow  through  a  transverse  fissure 
of  the  age,  it  may  be,  of  the  Rocky  mountain  system. 

The  granite  and  schists  composing  this  system  formed  the  ancient  conti- 
nent of  North  America,  whose  culminating  points,  in  the  Lake  Superior  dis- 
trict, rose  not  more  than  a  thousand  feet  above  the  waters  of  the  Silurian 
sea.  It  stretched  out  in  a  long  and  narrow  belt,  east  and  west,  from  La- 
brador to  the  sources  of  the  Mississippi ;  and  north  and  south,  from  the 
borders  of  Michigan  to  the  Arctic  sea.  At  that  time,  the  Appalachian  and 
Rocky  mountain  chains  had  not  been  elevated,  and,  with  the  exception  of 
a  few  isolated  patches  in  the  form  of  islands,  the  whole  area  of  the  United 
States  constituted  a  portion  of  the  bed  of  the  primeval  sea. 

2.  The  second  may  be  designated  as  the  Appalachian  system,  which 
has  given  configuration  to  the  eastern  slope  of  North  America ;  and  the 
period  of  its  elevation  may  be  referred  to  the  close  of  the  carboniferous 
epoch.  It  commences  near  the  outlet  of  the  St.  Lawrence,  and  terminates 
in  northern  Alabama ;  pursuing  a  course  nearly  north-east  and  south-west. 
The  series  of  rocks  composing  it,  according  to  the  Messieurs  Rogers,  present 
an  almost  unbroken  succession  of  conformmg  strata  from  the  lowest  mem- 
bers which  repose  immediately  on  the  primary,  or  metamorphic  rocks,  to  the 
highest  carboniferous  strata.  The  New  red  sandstone,  which  extends  con- 
tinuously in  a  narrow  belt  from  the  valley  of  the  Connecticut  to  beyond  Vir- 
ginia, reposes  immediately  on  the  folded  strata  of  this  chain,  and  furnishes 
not  the  slightest  indication  of  having  been  disturbed  by  the  movements 
which  produced  the  numerous  axes  beneath.* 

3.  The  third  may  be  denominated  the  Rocky  Mountain  system,  which, 
according  to  Sir  John  Richardson,  "  has  a  general  course  for  two  thousand 
five  hundred  miles, — or,  from  the  thirtieth  parallel  of  latitude  to  the 
Arctic  sea,— of  N.  26°  W.,  S.26°  E.,  or  N.W.  by  N."t  It  spreads  out  into 
a  belt  nearly  one  thousand  five  hundred  miles  in  diameter,  between  the 
Mississippi  valley  and  the  Pacific  ocean,  consisting  of  numerous  gentle  corru- 
gations, as  shown  by  Fremont,  but  occasionally  swelling  into  lofty  ridges. 

There  is  little  doubt,  from  the  concurrent  testimony  of  all  the  explorers, 
that  its  age  is  as  recent  as  the  cretaceous  period,  and  therefore  among  the 
most  recent  of  those  geological  events  which  have  modified  the  outlines  of 
continents.  On  both  sides  of  the  equator  it  is,  in  places,  flanked  by  calca- 
reous strata  containing,  according  to  Von  Buch,  fossils  characteristic  of 
the  chalk.     These  were  also  observed  by  Humboldt  between  Guambos  and 

*  Transactions  of  the  American  Geologists,  (1840r-'42)  p.  522. 
f  Quarterly  Journal,  beforre  cited. 
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Montan,  nearly  one  thousand  three  hundred  feet  above  the  sea ;  and  Neoco- 
min  fossils  were  obtained  by  Tschudi  in  the  cordiUeras  of  Peru. 

The  explorations  of  Fr&niont  and  others,  in  the  Rocky  mountains,  con- 
firm these  views  as  to  the  recent  age  of  this  system. 

These  are  the  three  great  systems  which  appear  mainly  to  have  deter- 
mined the  outlines  of  North  America ;  but  there  are,  in  the  Lake  Superior 
district,  subordinate  systems  which  we  will  proceed  to  describe. 

4.  The  system  of  Kaministiquia. — ^This  is  developed  on  the  north-west 
coast  of  Lake  Superior,  between  Pigeon  river  and  Thunder  bay.  Its  direc- 
tion is  nearly  north-east  and  south-west,  and  traces  of  it  are  to  be  observed 
in  the  parallel  course  of  the  principal  rivers  which  enter  Hudson's  bay 
from  the  south-west,  among  which  may  be  enumerated  Moose,  Albany,  Sev- 
ern, Nelson  and  Churchill  rivers,  extending  through  at  least  fifteen  degrees 
of  longitude. 

This  is  the  most  ancient,  so  far  as  we  yet  know,  of  all  the  systems  of 
North  America  ;  and  the  age  of  its  elevation  was  prior  to  the  close  of  the 
azoic  period,  since  the  upper  portions  of  the  azoic  slates  rest  undisturbed 
upon  the  granite  axis. 

5.  The  system  of  Isle  Royale  and  Keweenaw  Point. — This  embraces 
the  crystalline  greenstone  of  the  Copper  region,  which  lifted  up  the  bedded 
trap,  sandstone  and  conglomerate  at  angles  varying  from  40°  to  70°.  The 
precise  period  of  its  elevation  cannot  be  determined,  but  it  probably  toolcplace 
near  the  clese  of  the  lower  Silurian  epoch,  since  we  find  that  the  Trenton 
limestone  of  the  Sturgeon  river  valley  has  been  disturbed  by  it.  The  di- 
rection of  these  axes  is  somewhat  variable.  On  Isle  Royale,  they  are 
N.  65°  E.;  but,  on  the  southern  shore  they  bear  N.  52°  E.,*  though  subject 
to  minor  deviations, — the  trap  ranges  in  many  places  assuming  crescent- 
shaped  forms.  Although  the  great  mass  of  rock  has  been  subject  to  no 
intense  disturbance  since  the  close  of  the  Silurian  epoch,  yet  it  has  expe- 
rienced a  succession  of  widely-extended  oscillations,  which  have  been  dis- 
cussed under  another  head  (Chapter  IX). 

Thus,  it  would  appear  that,  in  North  America,  the  oldest  lines  of  frac- 
ture pursue  an  easterly  and  westerly  direction,  while  the  more  recent  ones 
pursue  a  northerly  and  southerly  direction. 

Having  thus  given  an  outline  of  the  great  systems  of  elevation  which 
have,  as  we  conceive,  during  different  epochs,  gradually  brought  about  the 
present  form  of  this  continent,  we  proceed  to  consider  the  European  systems. 

SYSTEMS  OP  elevation  IN  EUROPE. 

In  his  first  publication,!  in  1829,  De  Beaumont  recognized  only  four  svs- 
tems  of  mountain  chains,  but  the  year  following  he  augmented  the  number 
to  nine,|  to  wit : 

1.  System  of  the  main  chain  of  the  Alps  ;  direction  E.  and  W.,  which 
raised  the  older  diluvial  deposits. 

2.  System  of  the  western  Alps  (from  Marseilles  to  Zurich) ;  direction 
N.  26°  E.,  which  raised  the  upper  tertiary. 

*  This  is  the  direction  of^a  line  drawn  from  the  southern  limits  of  the  trap,  on  the  Montreal 
river,  to  the  southern  limits  on  Keweenaw  Point. 

t  Recherches  sur  quelqnes  unes  des  revolutions  de  la  surface  du  globe*  Comptes  Rendus 
de  PAcadamie  dcs  Sciences. 

I  Annales  des  Sciences,  &c. :  Tomes.  18, 19, 
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3.  System  of  Corsica  and  Sardinia ;  direction  N.  and  S.,  which  raised 
the  lower  tertiary. 

4.  System  of  the  Pyrenees  and  Appenines ;  direction  N.W.  and  S.E., 
which  raised  the  chalk  and  green-sand. 

5.  System  of  the  Cote  d  Or  (Burgundy),  the  Erzgebirge  ^Germany); 
direction  S.W.  and  N.E.,  which  raised  the  Jura  limestone. 

6.  System  of  the  Vendee,  Thuringia,  and  Bohemia  ;  direction  N.W.  and 
S.E.  which  raised  the  Trias. 

7.  System  of  the  Rhine ;  direction  N.  and  S.,  or  N.N.E.  and  S.S.W., 
which  raised  the  sandstone  of  the  Vosges  (which  he  considers  distinct  from 
the  variegated),  and  zeichstein. 

8.  System  of  the  Netherlands  and  South  Wales  ;  direction  N.E.  and  S. 
W.,  which  raised  the  coal  measures. 

9.  System  of  the  Ballons  (Vosges)  an4  Bocage,  Western  France ;  di- 
rection N.  74°  W.,  S.  74°  E.,  which  raised  the  carboniferous  limestone. 

In  his  last  principal  communication,*  De  Beaumont  has  shown  that  there 
are  at  least  three  diflFerent  systems  of  elevation  included  in  the  above- 
named  direction  ;  and  since  M.  Riviere  had  previously  noticed  another  an- 
cient system  on  the  south-western  coast  of  the  Vendee,  the  direction  of 
which  was  nearly  N.W.  and  S.E.,  this  system  was  added  to  the  other  three, 
making  four,  all  of  which  are  older  than  the  oldest  in  the  above  list. 

To  these  four  ancient  systems,  still  another  must  be  added,  which  was 
also  observed  by  Rivi§re,  in  the  Vendee,  and  supposed  by  him  to  be  the 
oldest  known  system  of  Europe.  These  five  systems  are  as  follows, — 
beginning  with  the  oldest  and  proceeding  in  the  order  of  their  relative  age, 
as  determined  by  De  Beaumont : 

1.  Sf/stem  of  the  Vendee  ;  direction  at  Vannes, — latitude  47°  39'  26''  N., 

lon^tude  2°  46'  W.—  N.  22°  30'  W.     Age,  anterior  to  the  system  of 
Finis  terre. 

2.  System  of  Finisterre  ;  direction  at  Brest — Platitude  48°  23'  N.,  longitude 

4°  29'  W.  —  N.  68°  15'  E.     Age,  posterior  to  the  oldest  schists  of 
Britanny. 

3.  System  of  Longmynd  ;  direction  at  the  Binger-loch, — latitude  49°  55' 

N. ;  longitude  T  50'  E.  —  N.  31°  15'  E.     Age,  after  the  deposition 
of  the  green  slates  of  Wales  and  the  feldstones. 

4.  System   of  Mofbihan ;   direction  at  Vannes,  N.  51°  45'  W.      Age, 

posterior  to  the  Bala  limestone  of  Wales. 

5.  System  of  Westmoreland  and  the  Hundsruck  ;  direction  at  the  Binger- 

loch,  ^f .  58°  30'  E.     Age,  posterior  to  the  Silurian  and  a  part  of  the 
Devonian,  but  anterior  to  the  Old  red  sandstone. 

In  a  still  later  communication,t  De  Beaumont  recognizes  twenty-one  sys- 
tems as  having  been  determined  with  more  or  less  precision,  but  none  of 
the  new  ones  which  be  has  adopted  are  as  old  as  those  given  above ; 
Durocher,  however,  has  recently  announced  the  existence  of  six  new  sys- 
tems of  upheaval,  in  Scandinavia,  older  than  the  lower  Silurian,  or  belongmg 
to  the  azoic  period.  Besides  these,  he  recognizes  the  existence  there  of 
the  four  oldest  systems  of  De  Beaumont,  enumerated  above.  The  data  of 
direction  and  relative  age  of  the  new  systems  proposed  by  Durocher  are  so 

r  -  -        ■  ■  ■■  .  ■         ■ 

*  «  Notes  sur  les  systemes  de  montagues  les  plus  ancicns  de  T Europe:"  BnUetln  de  la 
Societe  geohglque  de  France :  Ser.  II.  T.  4,  p.  HM. 
f  Comptea  Rendu;  Vol.  81,  p.  825.  « 


S81  [4] 

indeterminate,  only  an  abstract  of  his  observations  having  as  ^et  appeared^ 
that  we  have  not  attempted  to  trace  their  analogy  with  any  of  the  lines  of 
direction  of  the  strata  in  our  own  district. 

For  the  purpose  of  making  a  comparison  between  our  own  systems  of 
upheaval  and  those  of  Europe,  it  will  be  especially  necessary  to  fix,  as  near- 
ly as  possible,  on  the  equivalency  of  the  older  systems  of  rocks  in  the  two 
countries,  since  the  age  of  the  oldest  systems  of  upheaval  are  determined 
by  De  Beaumont,  principally  by  reference  to  certain  groups  as  developed  in 
England,  Wales,  and  Britanny. 

The  following  scheme  is  as  accurate  as  could  be  expected,  in  the  present 
state  of  geological  knowledge.  For  a  critical  examination  of  the  data  on 
which  this  parallelism  is  founded,  the  reader  is  referred  to  the  succeeding 
chapter  by  Mr.  Hall, 

Ame&iga.  Eubope. 

Azoic  System, 

CrystaUne  achUts,  limestonei,  and  quartz-  Sandstones  of  Barmonth  and  Harlech,  is 
ose  rocks,  with  iniercalated  traps,  of  Lake  Wales ;  island  of  Anglesea,  England ;  gneia* 
Superior,  &C*  soid  rocks  of  Scandinavia  and  Britanny. 

Lower  Silurian, 

Potadam sandstone;  Galciferous sandstone.       The  green  slates  and  feldstones  of  Wales ; 
'  the  slates  and  porphyries  of  Bohemia;  the 

lower  sandstones  of  Scandinavia ;  the  Obolus 
sandstone  of  Russia. 
Chazy,  Birds-eye,  Black-river,  and  Trenton       Bitumious  slates,  and  Orthocerate  lime- 
limestones,  stone  of  Russia. 

Utica  slate,  and  Hudson-river  group.  Bala  limestone  of  Wales ;  Llandielo  flag^ 

and  Garadoc  sandstone  of  Great  Britain. 

The  above  comparison  of  the  lower  Silurian  groups  of  the  two  continents 
seems  to  accord  with  the  results  o/  the  geological  survey  of  Wales.  There, 
according  to  a  communication  of  Barrande  to  the  Geological  Society  of 
France,*  in  which  he  gives  the  result  of  his  own  examination  of  the  mate- 
rials collected  by  the  survey,  the  Caradoc  sandstone  is  distinctly  recognized 
as  being  between  the  upper  and  lower  Silurian  divisions,  while  the  Bala 
limestone  and  the  Llandeilo  flags  form  the  upper  portion  of  the  lower 
Silurian,  corresponding  with  the  Hudson-river  group  in  this  country. 

We  now  propose  to  inquire  how  far  the  ancient  systems  of  upheaval,  re- 
cognized by  De  Beaumont  as  existing  in  Europe,  agree  with  those  previously 
enumerated  as  occurring  in  North  America.  Four  of  the  European  systems 
are  shown  by  De  Beaumont  to  be  prior  in  age  to  the  deposition  of  the  Ca- 
radoc sandstone,  and  we  have  enumerated  three  which  are  of  at  least 
as  high  antiquity  in  the  region  of  Lake  Superior.  While,  however,  two  of 
our  systems  are  shown  conclusively  to  be  older  than  the  palaeozoic  epoch, 
the  a^  of  the  oldest  European  systems,  with  regard  to  the  oldest  strata 
containing  organic  life,  is  by  no  means  so  clearly  settled. 

In  OT&tf   however,  to  institute  a  comparison  between  these  oldest 

*  Bulletin,  Ser.  II.  T.  8,  p.  207.  (January,  1861.) 
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systems  of  Europe  and  those  recognized  by  us,  we  have  calculated  the  direc- 
tion which  they  would  assume  if  transferred  to  the  region  of  Lake  Superior.* 

1.  The  system  of  the  Vendee;  the  direction  of  which,  at  Vannes,  isN. 
22''  30'  W.,  becomes— in  longitude  87^  30' W.,  and  latitude  47°  30'N.,- 
N.  79°  53'  E. 

2.  The  system  of  Finisterre ;  the  direction  of  which,  at  Brest,  is  N.  68* 
15'  E.,  becomes— in  latitude  42°  22'  N.  and  longitude  72°  32'  W.-N. 
38°20'W. 

3.  The  system  of  Longmynd ;  the  direction  of  which,  at  Binger-loch,  is 
N.  31°  15'  E.,  becomes  N.  53°  40'  W.    . 

4.  The  system  of  Morbihan ;  of  which  the  direction,  at  Vannes,  is  N. 
61°  45'  W.,  becomes  N.  60°  30;  E. 

On  comparing  these  results  with  the  directions  of  the  systems  of  upheayal, 
before  indicated  as  occurring  in  the  Lake  Superior  region,  we  find  that 
the  direction  of  two  of  these  systems  coincides  very  nearly  with  that  of  two 
of  those  which  have  been  calculated  above. 

The  Lake  Superior  system  agrees  with  the  system  of  the  Vendee ;  the  for- 
mer being  about  N.  80°  E.,  S.  80°  W.,  and  the  latter,  transferred  as  aboTe, 
N.  79°  53'  E.,  S.  79°  53'  W. 

With  regard  to  the  age  of  the  system  of  the  Vendee  we  quote  the  follow- 
ing from  the  last  publication  of  Riviere  on  this  subject :  "  I  have  iinited  all 
the  normal  directions  of  the  gneissoid  rocks  of  the  Vendee  into  one  system 
of  dislocations,  to  which  I  have  given  the  name  of  the  system  of  th^  Vendee. 
*  «  ^  «  *  This  is  probably  the  most  ancient  normal  system ;  at 
all  events,  it  is  the  oldest  system  known ;  if  it  was  preceded  by  other  sys- 
tems, these  must  be  sought  for  in  the  north  of  Russia  or  in  America,  where 
the  transition  strata  appear  to  be  nearly  horizontal.  *  *  *  "  The 
gneissoid  formation  is  completely  distinct  from,  and  anterior  to,  the  transi- 
tion (Silurian  or  Cambrian)  strata." 

We  may,  therefore,  presume  that  there  is  no  doubt  that  both  these  sys- 
tems, the  European  and  American,  are  anterior  to  the  deposition  of  the  old- 
est fossiliferous  strata,  and  thus  far  the  agreement  of  the  two  in  age  and 
direction  is  sufficiently  satisfactory. 

The  system  of  Kaministiquia,  which  seems  to  be  the  oldest  which  wc 
have  been  able  to  recognize  in  America,  appears  to  be  older  thah  any  sys- 
tem of  upheavals  thus  far  admitted  by  De  Beaumont.  A  coincidence  will, 
perhaps,  be  found,  after  farther  observations  shall  have  been  made  as  to  its 
precise  direction  in  this  country,  and  after  the  numerous  systems  of  the 
azoic  period  in  other  regions  shall  have  been  worked  out  with  clearness  and 
precision.  As  the  region  to  which  this  system  is  confined  in  this  country  lies 
without  the  limits  of  our  district,  we  have  not  been  able  to  fix  its  direction 
with  the  precision  requisite  for  a  comparison  with  those  of  other  countries. 

The  system  of  Keweenaw  Point  agrees  very  nearly  in  its  mean  direction 
with  that  of  Morbihan,  of  which  the  direction,  when  transferred  to  the 
region  of  Lake  Superior,  becomes  N.  60°  30'  E.  The  coincidence  of  this 
direction  with  that  of  Isle  Royale  had  already  been  noticed  by  De  Beau- 
mont, who  drew  the  inference  that  the  sandstone  and  conglomerate  of 
that  island  could  not  belong  to  the  New  red  sandstone,  as  maintained  by 
Dr*  C.  T.  Jackson. 

_^ •  • 

*Tbe  substance  of  this  chapter  was  communicated  to  the  American  Association  Ibr  tho  Ad- 
VMcement  of  Science,  at  a  meeting  held  at  CVntiixmiiiU'm  lL%::)tl861« 
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If,  however,  we  proceed  to  inquire  as  to  the  coinciderice  in  age  of 
the  systems  of  Keweenaw  Point  and  Morbihan,  we  find  that  there  is  good 
reason  to  suppose  that  they  may  belong  to  the  same  geological  epoch.  The 
elevation  of  the  sandstones,  conglomerates  and  bedded  traps  of  the  Lake 
Superior  region  appears  to  have  taken  place  at  a  period  not  far  removed  from 
that  of  the  deposition  of  the  Hudson-river  group.  This  is  inferred  from  the 
position  of  the  deposit  of  lower  Silurian  limestone  near  L'Anse,  which 
appears  to  have  been  disturbed  by  the  same  causes  which  produced  the  ele- 
vation of  the  trap  and  conglomerate  of  Keweenaw  Point.  As  was  shown 
in  Part  I.  of  this  report^  the  age  of  the  highest  beds  of  this  deposit  is  not 
more  recent  than  that,  of  the  Hudson-river  group,  so  that  as  far  as  can  be 
known,  this  elevation  must  have  taken  place  during  the  lower  Silurian  epoch. 

According  to  De  Beaumont,  the  age  of  the  system  of  Morbihan  is  ante- 
rior to  the  deposition  of  the  Caradoc  sandstone  and  posterior  to  that,  of  the 
Bala  limestone.  If  it  were  admitted  that  the  Caradoc  sandstone  is  the 
equivalent  of  the  Potsdam,  we  should  be  unable  to  recognize  any  agree- 
ment in  the  ages  of  the  two  systems  in  question.  The  age  of  the  Caradoc 
sandstone,  as  well  as  that  of  the  Bala  limestone,  seems  at  the  present  time 
to  be  better  understood  than  when  De  Beaumont  published  the  article 
before  referred  to,  in  which  the  ages  of  the  older  systems  of  elevation  are 
so  ably  discussed. 

If  we  consider,  as  we  are  authorized  to  do  by  the  most  recent  authori- 
ties,* the  Caradoc  sandstone  as  forming  the  upper  portion  of  the  lower 
Silurian,  and  overlying  unconformably  the  Bala  limestone,  the  next  inferior 
member  of  the  same  group,  we  shall  have  a  perfect  correspondence  in  the 
age  of  the  system  of  Morbihan,  in  Wales,  with  that  of  Keweenaw  Point, 
in  the  Lake  Superior  region.  This  parallelism  of  the  groups  in>the  two 
countries  is  conformable  to  the  results  of  Mr.  Hall's  investigations,  as 
given  in  the  succeeding  chapter.  • 

As  to  the  Appalachian  system,  De  Beaumont  was  at  first  inclined  to  refer 
it  to  that  of  the  Pyrenees,  but  now  considers  it  as  belonging,  partly  at  least, 
to  the  system  of  the  Ballons,  the  direction  of  which  is  N.  74'^  W.;  but  which, 
when  transferred  to  the  meridian  of  Washington,  becomes  N.  46^  42'  E., 
a  direction  which  almost  exactly  agrees  with  the  outcrop  of  the  principal 
ridges.  There  is  also  another  direction  to  be  noticed  in  the  AUeghanies, 
which  is  i^early  parallel  with  the  meridian,  although  at  many  localities  it 
becomes  merged  with  the  former.  This  is  known  as  the  oldest  meridional 
system  of  Hitchcock,  and  is  supposed  by  him  to  embrace  the  White  moun- 
tains of  New  Hampshire ;  "  and  it  would  appear,"  he  remarks,  "  as  if  the 
strata  had  been  deranged  by  the  N.E.  and  S.W.  system,  which  would  go  to 
show  that  the  latter  was  more  recent.^*! 

The  Messieurs  Rogers  maintain  that  these  two  directions  have  originated 
simultaneously,  and  are  intimately  connected  in  their  whole  composition ; 
but,  admitting  that  they  are  distinct  in  age,  and  discarding  the  existence  of 
the  so-called  Taconic  system,  the  meridional  system  remains  an  anomaly, 
not  only  as  to  its  age,  but  in  its  parallelism  with  any  of  the  older  systems 
of  Europe. 

As  to  the  Rocky  mountain  system,  its  parallel  is  to  be  sought  in  Asia 
rather  than  in  Europe.  Erman  states  that  the  great  chain  of  Alden  in  east- 
em  Asia,  which  forme  the  water-shed  between  the  river  systems  of  the  Arctic 

•  BuUetm  of  the  Geological  Society  of  France*,  Sei\wll.^o\.^>^,*KJl. 
/  Oology  of  MasMcbuaetts,  p.  710. 
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and  Pacific  oceans,  tf  protracted  in  the  direction  of  a  great  circle,  or  follow- 
ing the  shortest  course  from  point  to  point,  would  intersect  several  of  the 
principal  summits  of  the  Rocky  mountains  between  40®  and  45**,  thus  indi- 
cating that,  though  widely  asunder,  they  belong  to  one  great  fissure.* 

It  IS  worthy  of  remark  that  this  chain,  like  the  Rocky  mountains,  is  in 
many  places  covered  with  volcanic  materials,  and  several  of  the  highest 
summits  consist  of  active  volcanoes.  We  have  no  information  as  to  the 
character  and  age  of  the  sedimentary  rocks  which  repose  on  its  flanks. 

We  have  thus  attempted  to  trace  a  parallelism  between  the  mountam 
systems  of  the  two  hemispheres.  We  are  disposed  to  regard  these  axes  of 
elevation,  not  simply  as  irregular  lines  of  limited  extent,  but  as  possessing* 
much  uniformity  in  direction  and  traversing  entire  continents ;  but  we  admit 
that,  in  the  present  state  of  geographical  and  geological  knowledge,  abso- 
lutely certain  conclusions  cannot  be  attained.  Our  object  has  been  to  call 
the  attention  of  American  geologists  to  one  of  the  most  interesting  problems 
in  this  science— one  which,  thus  far,  has  not  received  the  attention  which  it 
deserves.  We  have  had  another  object  in  view.  Many  European  physi- 
cists have  represented  this  continent  as  being  emphatically  new — not 
simply  in  reference  to  its  settlement  and  civilization,  but  to  the  period  when 
it  first  emerged  above  the  ocean.  We  have  shown  conclusively,  we  think, 
that  the  period  of  its  emergence  was  at  least  contemporary  with,  if  not 
prior  to,  that  of  the  eastern  continent,  although  its  outlmes  were  very  dif- 
ferent from  what  we  now  behold. 

In  the  succeeding  epochs  we  witness  the  operation  of  the  same  great 
forces,  though  not  perhaps  in  all  instances  simultaneously  exerted  in  the  two 
hemispheres.  The  seas  swarmed  with  the  same  types  of  animal  life,  and 
the  same  forms  of  vegetable  life  clothed  the  land. 

*  Reise  um  die  Erde. 
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CHAPTER  XVra. 

RALLELISM  OF  THE  PALiEOZOIC  DEPOSITS  OP  THE  UNITED  STATES 

AND  EUROPE. 

BT  JAMS8  HALL. 

Id  of  Investigation  in  this  Country  a  very  extended  one.  —  Circum* 
tances  affecting  the  Kature  oj  the  Fauna  of  the  same  Deposits  at  various 
^oints. —  Parallelism  of  the  Paleozoic  Groups  in  England  and  the  United 
\taies. — Lower  Silurian  System. — Potsdam  Sandstone.  —  Calciferous 
'andstone.  —  Chazy,  Birds-eye,  and  Black-river  Limestones, —  Trenton 
dmestone.  —  Utica  Slate  and  Hudson-river  Group.  —  Upper  Silurian 
'ystem.  —  Clinton  and  JViagara  Groups, — Lower  Helderberg  Series. — 
Ipper  Helderberg,  —  Devonian  System. — Species  common  to  the  Devo- 
ian  and  Carboniferous.  —  Tabular  Comparisons, 

\o  much  has  already  been  said  upon  this  question,  that  it  might  appear 
erfluous  to  add  anything  more  at  the  present  time.  We  are,  however, 
stantly  learning  more  of  our  own  systems  of  stratified  deposits,  and,  of 
rse,  gradually  becoming  better  able  to  compare  them  with  what  we 
ard  as  the  equivalent  systems  in  Europe.  It  w^as  natural  and  agreeable 
us,  "when  we  began  our  serious  investigations  into  the  condition  and  age 
our  palaeozoic  strata,  to  desire  to  identify  what  we  found  in  this  country 
i  that  which  had  been  previously  described  #n  the  other  side  of  the 
lantic.  In  our  too  ready  willingness  to  believe  that  nothing  would  be 
md  here,  except  what  had  an  equivalent  abroad,  we  seized  upon  evidence 
1  formed  conclusions  which  farther  investigations  have  proved  to  be  erro- 
ous. 

The  publication  of  Murchison's  "  Silurian  System"  gave  the  first  clue 
anything  like  a  satisfactory  recognition  of  our  strata,  and  their  identifi- 
ion  with  their  European  equivalents.  The  subsequent  publication  of 
'  "Palaeozoic  Fossils  of  Devon,''  &c.,  and  the  establishment  of  a  Devonian 
5tem  in  England,  left  us  in  no  doubt  as  to  the  exact  equivalency  of  some 
our  groups.  The  facts,  if  facts  they  shall  prove,  that  many  Silurian 
sils  exist  also  in  Devonian  rocks,  seemed  to  us,  however,  strangely  at 
riance  with  those  in  our  own  country,  where  we  certainly  have  had 
portunities  of  examining  as  wide  an  area,  and  of  deriving  our  informa- 
ti  from  beds  as  well  marked  in  character,  and  far  less  distant  m 
rition.  Our  data,  collected  over  fields  of  wide  extent  and  admirably 
^pted  for  such  examinations,  had  shown  us  that  the  fossils  were  far  more 
tricted  in  their  geological  range  than  had  hitherto  been  supposed.  We 
re  able  to  subdivide  what  appeared  to  be  the  equivalent  of  the  systems 
i  groups  recognized  in  England ;  and,  in  some  instances,  that  which  had 
*viously  been  regarded  as  one  group,  has  been  found  to  be  niade 
)*in  this  country,  of  two  or  more  distinct  and  widely  separated  members. 
'^Q  after  this  subdivision,  we  were  still  able  to  recognize  and  trace  other 
d  miaute  dlyisions  over  a  Jarge  section  of  cownlrj.    ^>^o\^^  ^^ 
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have  been  charged  with  impeding  the  progress  of  geology  by  these  minute 
subdivisions,  introduced  in  the  geological  survey  of  the  State  of  New  Yorkj 
we  have  adhered  to  a  system  based  on  researches  made  over  an  extent  of 
many  thousand  square  miles,  and  by  so  doing  we  believe  that  an  impulse 
has  been  given  to  the  study  of  geological  science  and  to  the  collection  of 
fossils ;  and  the  more  careful  and  minute  the  subdivisions,  the  more  fully  and 
completely  have  the  observers  been  able  to  work  out  the  details.  Bj  this 
system  we  have  a  better  knowledge  of  the  changes  which  took  place  m  the 
bed  of  the  palaeozoic  ocean,  and  the  consequent  variations  in  the  character 
of  its  fauna,  than  has  yet  been  obtained  in  many  other  parts  of  the  world, 
where  the  series  of  strata  has  been  studied  for  a  much  longer  period.* 

The  thinning  out  and  disappearance  of  a  single  member  of  even  a  sub- 
ordinate group,  and  the  consequent  disappearance,  in  part  or  entirely,  of  its 
fauna',  is  a  point  of  great  interest  in  our  geological  investigations,  and  it  is 
by  this  kind  of  study  that  we  have  found  a  clue  to  the  character  of  our 
palcEOZoic  fauna,  which  has  not  yet  been  reached  in  the  exploration  of  the 
deposits  of  more  modern  geological  epochs. 

Although  many  of  these  minor  subdivisions  cannot  be  recognized  in 
remote  parts  of  the  United  States,  yet  the  knowledge  of  their  existence  at 
another  point  enables  the  observer  to  detect  their  absence  and  to  direct  his 
attention  to  certain  horizons,  in  order  that  he  may  ascertain  whether  the 
fauna  of  the  absent  member  of  the  series  has  ever  existed  at  all  at  that 
remote  point,  or  whether  it  may  have  been  mingled  with  that  of  a  higher 
member  of  the  same  group  with  which  it  was  contemporary.  It  is  true 
that  the  greater  subdivisions  are  more  readily  recognized,  because  they 
require  less  scrutiny  to  detect  them  than  the  more  subordinate  members.  I 
may  farther  add  that,  until  we  are  willing  to  study  our  formations  with  this 
degree  of  minuteness,  we  can  have  no  positive  knowledge  of  the  duration 
of  species,  nor  of  the  vi^ue  of  groups  of  species  in  the  identification  of 
strata.  If  we  would  determine  whether  species  have  ceased  to  exist  in  one 
part  of  the  ocean,  while  they  have  flourished  long  afterwards  in  a  distant 
region,  it  can  only  be  done  by  a  critical  study  of  the  subordinate  groups, 
and  the  individual  members  of  every  group  in  the  series. 

The  simplest  principles  of  elementary  geology  teach  us  that  sedimentary 
beds,  having  the  same  thickness  and  the  same  lithological  characters,  cannot 
have  spread  over  an  area  so  wide  as  that  now  included  between  the  Euro- 
pean and  American  continents.  All  sedimentary  deposits  must  vary  in 
character  at  remote  points,  as  the  physical  conditions  of  the  ocean  cannot 
be  presumed  to  have  remained  the  same  over  a  wide  extent  of  surface. 
Under  such  circumstances,  absolute  parallelism  is  not  to  be  sought  for  or 
expected.  Calcareous  deposits,  as  would  naturally  be  supposed,  have  been 
found  to  be  more  persistent  and  more  uniform  in  the  character  of  their  fosal 
contents;  but  these,  over  some  portion  of  their  extent,  have  often  been  in-* 
vaded  by  argillaceous  and  arenaceous  sediments,  and  the  fauna  is  found 
to  be  in  a  greater  or  less  degree  influenced  by  such  circumstances.  In  dis- 
tant and  disconnected  localities,  we  are  compelled  to  base  our  opinions  of 
the  equivalency  of  beds,  upon  the  organic  remains  which  they  contain; 
and  when  we  reflect  that  the  nature  of  the  sediment  may  in  a  great  degree 
influence  the  character  of  the  fossils,  we  shall  not  fail  to  recognize  the 
necessity  of  keeping  the  character  of  these  lithological  changes  in  view. 

*I  might  iostaoco  here  as  an  example  the  carboniferoua  system  of  England,  of  which  tbf 
details  arc,  as  yoi,  but  little  knowu^ 
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The  coarse  conglomerates  and  grits^  which  are  so  frequently  found  inter-* 
ealated  in  the  series,  indicate  not  only  disturbance  in  the  waters  of  the 
ocean,  but  also  the  proximity  of  the  land  ;  since  we  know  that  the  effects 
of  the  waves,  as  manifested  at  this  day,  is  to  confine  these  materials  to  the 
shore,  or  if  they  are  transported  by  currents,  the  velocity  soon  becomes  so 
far  diminished,  as  to  allow  of  their  deposition  in  comparatively  shoal  water. 
As  a  general  rule,  therefore,  the  former  class  may  be  regarded  as  deep-sea 
deposits,  while  the  latter  may  be  regarded  as  littoral.  When,  too,  we  con- 
sider that  marine  life  is  greatly  modified  by  the  character  of  the  sea-bottom, 
we  ought  not  to  look  for  a  fauna  specifically  identical  in  the  different  classes 
of  deposits.  The  conglomerates  and  grits,  for  the  most  part,  are  barren 
of  organic  life,  while  the  limestones  are  richly  stored  with  it.  We  have 
shown  that  the  coarse  grits  in  the  New  York  series,  are  restricted  in  their 
range,  while  certain  limestone  groups  spread  out  over  an  immense  area. 

Asides  the  changes  which  take  place  in  the  nature  of  the  sediment  depo- 
sited upon  the  bed  of  the  ocean,  we  are  to  look  to  other  important  condi- 
tions which  may  affect  the  fauna,  and,  consequently,  our  conclusions  regard- 
inor  the  equivalency  of  formations.  Among  the  most  important  of  these  is 
the  depth  of  the  ocean  in  which  the  animals  lived,  since  we  know  that 
certain  species  are  confined  within  certain  zones,  depending  on  the  depth  of 
the  water. 

There  are  other  conditions  which  sensibly  affect  the  distribution  of  or- 
ganic life,  such  as  temperature,  pressure  and  light ;  but  as  these  have  been 
fully  discussed  by  Messrs.  Foster  and  Whitney,  in  a  previous  part  of  this 
report  (p.  183),  1  need  not  here  pause  to  inquire  as  to  the  extent  to  which 
these  conditions  operate.  In  investigating  the  fauna  of  past  ages,  we  see 
nothing  to  lead  us  to  believe  that  the  same  great  laws  which  regulate  the 
distribution  of  species,  did  not  then  operate  with  as  great  effect  as  at  the 
present  time. 

COMPARISON  OF  THE  PALiEOZOIC  GROUPS  IN  DIFFERENT  PARTS  OF  THE  UNITED 

STATES. 

Before  proceeding  to  compare  the  palaeozoic  series  of  the  United  States 
mth  those  of  the  same  age  m  Europe,  it  will  be  necessary  to  institute  some 
comparison  between  the  successive  groups  as  they  occur  in  different  parts 
jf  our  own  country.  The  succession,  which  has  been  clearly  made  out  in 
the  eastern  extension  of  these  deposits,  has  not  been  determined  on  with  the 
same  degree  of  precision  at  the  West,  and  this  for  want  of  that  knowledge 
w-hich  can  only  be  obtained  by  a  minute  examination  of  all  the  interme- 
liate  points.  We  have  already,  in  the  preceding  pages,  alluded  to  the 
dianges  which  have  been  recognized  in  tracing  the  development  of  the 
palaeozoic  series  from  the  east  towards  the  west. 

In  order  to  facilitate  the  comparison  we  are  about  to  make,  we  give 
below  a  table  of  the  successive  groups  which  have  been  determined  in  the 
State  of  New  York.  It  is  here  that  the  series  is  more  complete  than  in  any 
other  portion  of  the  globe,  and  to  this  standard  it  is  most  convenient  and 
satisfactory  for  us  to  make  reference  in  our  critical  discussion. 
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Table  of  the  palaozoic  Series  in  Jfew  York ;  from  the  Base  to  the  highest 

Group  recognized. 

1.  Potsdam  Sandstone. 

2.  Calciferous  sandstone. 

Upper  sandstone  of  Wisconsin  and  Minnesota,  similar 
to  the  Potsdam  sandstone. 

3.  Chazy  limestone. 

4.  Birds-eye  and  Black-river  limestone. 

5.  Trenton  limestone. 

Galena  or  lead-bearing  limestone  of  Wisconsin,  lo^wa 
and  Illmois,  not  recdgnized  at  the  East. 

6.  Utica  slate.  ] 

7.  Hudson-river  shales.  >  Included  in  the  Hudson  river  group 

8.  Grey  sandstone.  ) 

9.  Oneida  conglomerate. 

10.  Medina  sandstone. 

11.  Clinton  group. 

12.  Niagara  group,  coralline  limestone  of  schoharie. 

13.  Onondaga  salt  group. 

14.  Tentaculite  or  water  limestone. 

15.  Pentamerus  limestone. 

16.  Delthyris  shaly  limestone.  ^  Lower  Helderberg  group. 

17.  Encrinal  limestone. 

18.  Upper  Pentamerus  limestone. 

19.  Oriskany  sandstone. 

20.  Cauda-galli  grit.  1 

g:  &rr  "SLo...         "PP"  Helderbarg  group. 

23.  CORNIFEROUS     LIMESTONE.  J 

24.  MaRCELLUS  SHALE.  1 

25.  Hamilton  group.    I  jt  ^m. 

26.  TuLLY  LIMESTONE.   ^Hamilton  gTOup. 

27.    GeNESSEE  SLATE.       j 

28.  Portage  group. 

29.  Chemung  group. 

30.  Sandstone  and  shale  of  the  Catskill  mountaivs/ 

31.  Grey  and  yellow  sandstone. 

32.  Great  carboniferous  limestone* 
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These  members  are  all  more  or  less  strongly  characterized,  possearing 
either  marked  differences  in  lithological  character,  in  their  fossils,  or  in  both 
together.  The  area  over  which  each  one  has  been  traced  is  quite  sufficient 
to  establish  its  distinctive  character  and  relative  importance.  On  the  left 
hand  I  have  indicated  the  grouping  which  has  been  found  to  agree  best  with 
the  prevailing  palaeozoic  features,  and  with  the  lithological  characters.  The 
lower  Silurian  limestones  from  the  Chazy,  including  the  Trenton  limestone, 
have  not  the  same  intimate  relations  with  one  another,  which  the  upper  and 
lower  Helderberg  groups  have,  since  these  form  two  very  distinct  and  natu- 
ral groups.  The  upper  part  of  the  Clinton  group  is  very  intimately  rela- 
ted to  the  Niagara  group,  and  the  lower  part  with  the  Medina  sandstone ; 
and,  though  treated  as  distinct  in  the  State  of  New  York,  for  reasons 
already  given,  it  may  hereafter  be  found  best  to  unite  the  shaly  and  arena- 
ceous beds  with  those  below  into  one  group,  while  the  calcareous  portion 
may  be  included  with  the  Niagara.  This  arrangement  would  be  more 
natural  than  the  present  subdivision. 

We  shall,  in  the  first  place,  inquire  into  the  relations  which  these  groups 
have  to  those  occupying  the  western  and  north-western  States.  I  have 
already  alluded  to  one  of  the  most  striking  features  of  the  geology  of  the 
west,  namely,  the  almost  entire  absence  of  schistose  and  arenaceous  deposits, 
from  the  termination  of  the  Potsdam  sandstone,  to  the  commencement  of  the 
shales  and  sandstones  succeeding  the  corniferous  limestone.  The  real  and 
apparent  importance  of  the  calcareous  deposits  is  much  augmented,  when 
Tire  view  the  series  as  a  whole.  Looking  to  this  fact,  we  expect  to  find  the 
difficulty  of  recognizing  the  individual  members  considerably  increased, 
since  the  intercalated  masses  of  sandstone  or  shale  often  mark,  in  a  con- 
spicuous manner,  the  line  of  separation  of  the  two  distinct  deposits. 

It  has  already  been  shown,  in  the  preceding  pages  of  this  report,  that 
the  lower  sandstone  of  the  Lake  Superior  district  is  a  continuation  of  the 
Potsdam  sandstone  of  New  York,  which  has  been  traced,  by  the  Canadian 
eologists,  through  Canada  and  along  the  northern  shore  of  Lake  Huron. 
This  sandstone  has  been  shown  to  dip  beneath  a  series  of  calcareous  beds 
in  which  we  recognize,  as  shown  above,  the  calciferous  sandstone,  the 
Chazy,  the  Birds-eye,  the  Black-river  and  Trenton  limestones,  charac- 
terized by  the  same  fossils  which  they  contain  in  New  York.     We  have 
shown  that  these  successive  members  of  the  series  have  greatly  dimira'shed 
in  thickness,  the  entire  vertical  range  being,  at  several  points,  less  than  one 
hundred  feet.  In  tracing  them  across  to  the  Mississippi  river  the  same  tenuity 
is  observed  in  all  the  four  limestones ;  but  the  calciferous  sandstone  aug- 
ments in  thickness  till  it  acquires  the  same  development  which  it  has  in  New 
York.     At  the  extreme  westerly  points  where  we  have  examined  these 
limestones,  we  find  that  their  lithological  character  has  undergone  an  essen- 
tial change ;  but  this  has  been  a  graclual  one,  so  that  we  have  been  able  to 
trace  its  progress  in  our  examinations  from  east  to  west,  and  recognize  many 
of  the  characters  which  might  otherwise  have  escaped  our  observation. 
The  fossils,  though  diminished  in  numbers,  are,  for  the  most  part,  identical 
with  those  which  we  have  everywhere  learned  to  regard  as  characteristic  of 
the  different  groups. 

Thus  far  we  have  had  brought  to  our  notice  two  or  three  important  dif- 
ferences in  the  succession  of  the  rocks  at  the  West  and.  in  New  York. 
These  are  the  alternation  of  the  lower  beds  of  the  calciferous  sandstone 
with  the  higher  part  of  the  Potsdam,  by  which  several  successive  bands  of 
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greater  or  less  thickness  are  presented  near  the  line  of  junction ;  farther, 
we  have  above  the  calciferous  sandstone  a  bed  of  sandstone  resembling  the 
Potsdam,  and  which  is  from  fifty  to  eighty  feet  thick.  The  occurrence  of 
this  bed,  which  I  have  indicated  in  the  table  above,  shows  that  the  causes 
which  operated  to  give  origin  to  the  deposit  of  the  Potsdam  sandstone  first 
became  mtermittent  at  the  base  of  the  calciferous,  and  then  again  became 
active  after  the  final  deposition  of  that  rock.  In  addition  to  this,  we  have, 
succeeding  the  Trenton  limestone,  a  thick-bedded,  porous  or  cavernous,  and 
usually  friable  limestone  in  which  the  great  deposits  of  lead  are  found. 
This  rock,  though  included  with  the  cliff  limestone  of  the  West,  is  now 
known  to  be  a  distinct  member  oi  lower  Silurian  age,  and  one  which  thus 
far  we  have  not  recognized  in  our  New  York  series.  To  make  up  for  tie 
diminished  thickness  of  the  Trenton  and  associated  limestones  in  the  West, 
we  have  this  important  and  distinct  mass,  the  geographical  extent  of  whid 
has  not  yet  been  fully  determined. 

We  next  turn  our  attention  to  the  Hudson-river  group,  under  w^hich  tenn 
we  include  the  Utica  slate,  the  shales  and  sandstones  of  Pulaski,*  and  the 
grey  sandstone.  In  tracing  this  group  towards  the  north-west,  we  find  diat 
the  arenaceous  beds  gradually  disappear ;  the  calcareous  matter,  on  the 
other  hand,  gradually  increases,  forming  with  the  argillaceous  beds  of  marl, 
or,  by  itself,  occasional  bands  of  impure  limestone.  We  are  able  to  trace 
this  group  continuously  as  far  as  the  shores  of  Lake  Winnebago  in  a  wes- 
terly direction ;  and,  at  the  south-west,  we  find  it  in  the  vicinity  of  Cincin- 
nati and  extending  into  Indiana  and  Kentucky.  Thus,  the  Hudson-riTcr 
group  of  New  York,  by  the  accession  of  calcareous  matter  forming  marls 
and  thin-bedded  limestones,  has  become  the  typical  "  blue  limestone  and 
marls"  of  Ohio  and  of  the  North  and  South-west.  This  term  has  been 
extended  to  include  the  representatives  of  the  Chazy,  Birds-eye,  Black- 
river  and  Trenton  limestones,  which  appear  about  Frankfort  in  Kentucky, 
and  again  on  the  upper  Mississippi.!  I  have  already  given  the  detail  of 
the  facts  which  prove  the  truth  of  this  assertion. 

Of  the  Oneida  conglomerate,  we  know  nothing  at  the  west.  It  is  an 
important  member  of  the  New  York  series,  and  extends  from  thence  south- 
erly through  New  Jersey  and  Pennsylvania,  forming  a  well-marked  geologi- 
cal horizon.  The  Medina  sandstone  has  been  traced  to  the  north-west, 
through  Canada  ;  and  it  may  be  possible  that  the  green  marly  bed  below 
the  Clinton  group,  on  Green  bay,  is  the  equivalent  of  that  rock.  Farther  • 
to  the  west,  or  south-west  of  the  great  Alleghany  coal-field,  it  has  not 
been  recognized. 

The  Clinton  group  is,  for  the  greater  part  of  its  extent  west  of  Lake   ^ 
Huron,  merged  m  the  Niagara  group ;  or,  in  other  words,  the  calcareous 

Eortion  is  so  intimately  united  with  that  of  the  Niagara,  that  the  two  are 
ardly   to  be  distinguished.     The  shaly   and  arenaceous  portions  of  this 
group  appear  only  at  rare  intervals,  and  form  no  important  feature  in  the   J 
geology  of  the  western  States.     There,  the  Niagara  and  Clinton  groups 

are  not  recognized  as  distinct  from  each  other,  but  both  form  a  part  of  the 
'  <  '  ■  ■ 

*  These  two  are  usually  denominated  the  Hudson-river  group,  but  since  all  those  rocb 
Along  the  valley  of  the  Hudson  river  are  more  or  less  disturbed  and  metamorphosed,  it  is 
important  to  distinguish  the  individual  members.  Moreover,  the  four  together  form  a  nslo* 
ral  group,  which  may  either  be  studied  as  a  whole,  or,  in  favorable  locaJities,  in  its  indi- 
vidual members. 

t  The  localities  about  Cincinnati  do  not  expose  strata  below  the  age  of  the  Hadsoii-ri?€ 
group,  including  the  Utica  slato. 
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lestone,"  or  "  uppfer  mngnesian  limestone,"  so  often  spoken  of, 
1  is  one  of  the  most  prominent  groups  of  the  western  states.  This 
^ever,  designates  an  extensive  series  of  groups,  since  it  includes 
a  limestone,  the  Clinton  and  Niagara  limestones,  (the  shales  and 
s  of  the  former  group  being  absent),  and  the  upper  Helderberg 
J,  all  the  intermediate  groups  being  wanting  in  the  states  north  ol 
river. 

ill  be  better  understood,  perhaps,  by  the  inspection  of  the  follow- 
,  in  which  the  equivalency  of  the  Cliff  limestone  with  the  NeM 
ips  is  shown : 

Cliff  Limestone. 

EROUS  LIMESTONE. 
lOA  LIMESTONE. 
lRIE  GRit*. 

-GALLi  GRIT.       j  Wanting  at  the  West  and  South-west. 
lNY  sandstone.  J  ° 

PENTAMERUS   LIMESTONE. 

FAL  LIMESTONE.  I  Wanting  in  the  States  north  of  the 

ITRIS  SHALY  LIMESTONE.  ^  q^^^  ^^^^ 

iERUS  LIMESTONE. 
:ULITE  LIMESTONE. 

^GA  SALT-GROUP.  Wanting  west  of  Lake  Michigan. 

LA  GROUP.   )  The  Niagara  and  the. calcareous  portion  of  the 
N  GROUP.    )  Clinton. 

I  SANDSTONE.  j  ^        j^      ^^  ^^^  ^ 

CONGLOMERATE.  )  ° 

r-RIVER  GROUP.        1 

s.  LIMESTONE.        >  Wanting  at  the  East  and  South-west. 

)N  LIMESTONE.         ) 

Ion  of  the  Galena  limestone  with  the  cliff  has  been  induced  by 
t  entire  absence  of  the  Hudson-river  group,  where  the  lead-bearing 
occurs,  and  from  the  similarity  of  the  latter  to  the  Niagara, 
iagara  group,  in  the  form  of  a  heavy-bedded  limestone,  can  be 
i  throughout  all  the  western  States,  both  to  the  north  and  to  the 
he  Ohio.  The  Onondaga  salt-group  and  the  lower  Helderberg 
5  have  not  been  recognized  in  the  States  to  the  nof  th  of  the  Ohio ; 
e  Onondaga  salt-group  been  observed  to  the  south  of  that  river, 
jsee,  the  cliff  limestone  of  Ohio  is  reduced  in  thickness  and  ira- 
and  is  nowhere  recognized  except  as  a  single  formation.  Still, 
fossils  are  to  be  recognized  many  of  those  of  the  Niag^ara,  and 
Der  and  lower  Helderberg  groups.  Among  the  latter  are  Penta- 
leatuSy  Spirifer  macropleuray  S.  rugosusy  and  several  species  of 
p^hich  are  known  in  New  York  only  in  the  limestones  of  the  lower 

teresting  fact  is  not  to  be  lost  sight  of,  for  we  shall  have  occasion 
efer  to  it.  We  perceive  that,  over  all  that  area  of  the  palaeozoic 
►w  occupied  by  the  States  north  of  the  Ohio,  this  important 
limestones  is  wanting.  Their  absence  can  only  be  accounted  for 
dug,  either  that  the  bed  of  the  ocean  was  so  &i  ^\^\^\.^^\}ti^\.\N!^ 
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deposition  could  be  made  upon  it ;  or  that  it  was  so  far  depressed  that  its 
depth  was  too  great  to  admit  of  the  existence  of  corals  and  other  marine 
animals  with  which  they  are  associated,  and  the  consequent  production  of 
calcareous  deposits.  Although  represented  in  Tennessee,  it  is  only  by  a 
few  of  the  characteristic  fossils,  the  formation  not  becoming  one  of  import- 
ance in  the  series.  * 

In  numerous  localities  which  have  been  examined,  the  upper  Helderberg 
limestones  rest  upon  the  Niagara  limestone,  but  are  sometimes  separated 
from  it  by  a  band  of  argillaceous  limestone,  which  is,  probably,  an  indica- 
tion of  the  Onondaga  salt-group.  In  some  instances,  there  is  evidence  of 
a  denuding  action  upon  the  surface  of  the  Niagara  limestone,  previous  to 
the  deposition  of  the  upper  Helderberg  limestones ;  and  we  can  suppose 
this  to  have  occurred  only  in  a  shallow  ocean.  Whether  this  was  the  con- 
dition of  the  ocean  during  all  the  intervening  period,  we  cannot  pretend  to 
decide  at  present ;  it  seems  not  improbable,  nowever,  that,  during  the  first 
part  of  the  interval,  the  ocean  was  too  deep  to  admit  of  the  growth  of 
animals ;  and  that,  subsequently,  or  at  the  period  of  the  Oriskany  sand- 
stone, its  bed  was  elevated,  and,  after  some  slight  oscillations,  it  remained 
at  that  uniform  elevation  over  the  entire  area,  thus  admitting  of  the  fo^ 
mation  of  this  extensive  coral  reef  which  marks  the  period  of  the  upper 
Helderberg.  The  limestones  of  this  period,  either  in  their  several  parts, 
or  as  one  rock,  are  recognized  throughout  the  West  and  South-west,  having 
everywhere  an  unmistakable  character,  and  filled  with  the  same  fos:^  as  in 
the  state  of  New  York. 

Of  the  groups  above  the  corniferous  limestone,  which  is  the  terminating 
rock  of  the  upper  Helderberg  series,  we  have  but  a  meagre  representative 
in  the  States  west  of  the  Ohio  river.  Here,  we  know  that  some  portions 
of  the  Hamilton,  as  also  of  the  Portage  and  Chemung  groups  still  remain, 
but  they  gradually  die  out  in  a  westerly  direction.  In  Canada  West,  and 
in  the  southern  part  of  Michigan,  the  Hamilton  group  is  well  marked  by 
many  of  its  characteristic  fossils.  In  many  parts  of  Ohio,  Indiana  and 
Kentucky,  the  corniferous  limestone  is  immediately  succeeded  by  a  black 
slate,  the  exact  age  of  which  may  be  regarded  as  undecided.  It  appears 
not  to  more  recent  than  the  Genessee  slate,  and  we  should  expect  to  find 
some  representation  of  the  Portage  and  Chemung  groups  above  it.  Thus 
far,  however,  it  is  only  in  the  lithological  character  of  some  of  the  shaly 
sandstones  above  this  black  slate,  that  we  see  any  resemblance  to  these 
groups. 

The  shales  and  the  sandstones  of  the  Catskill  mountains,  we  know, 
have  thinned  out  and  disappeared  before  reaching  the  western  part  of  New 
York ;  and  these  have  no  representation  at  the  west.  Succeedmg  the  black 
slate,  however,  there  is  a  group  of  shales  and  sandstones  which,  from  the 
fossils  they  contain,  are  regarded  as  belonging  to  the  carboniferous  period. 
This  group  is  succeeded  by  the  great  limestone  deposit,  which  is  usually 
termed  the  carboniferous.  Neither  of  these  has  as  yet  been  satisfactorily 
recognized  at  the  east. 

Thus  far,  up  to  the  present  time,  having  traced  the  actual  continuation 
of  the  several  rocks  and  groups  to  the  westward,  and  perceiving  the  diffi- 
culty which  exists  in  determining  in  detail  the  parallelism  of  the  different 
members  of  the  palaeozoic  series,  even  where  no  ocean  or  mountain  barrier 
exists,  we  shall  be  prepared  to  appreciate  the  obstacles  in  the  way  of  arri- 
ving'at  an  exact  parallelism  of  oui  sema  wi4  Wvo^^  oC  Europe,  separated 
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as  they  are  by  an  irrtervcning  space  of  3000  milect  of  oceafi^  In  inaking 
any  such  comparison,  it  is  hiehly  important  for  us  to  possess  a  knowledge 
of  the  changes  which  take  place  in  the  nature  of  deposits  which  are  abso- 
lutely continuous,  and  strictly  synchronous  in  their  origin,  having  been 
deposited  m  the  same  ocean  during  the  same  period  of  time.  We  haye  an 
opportunity  of  comparing  these  in  a  country  where  there  have  been  no  dis- 
turbances to  produce  faults,  dislocations,  foldings  or  metamorphism  of  the 
beds,  and  where  the  general  elevation  varies  but  a  few  hundred  feet.  Here 
there  can  be  no  mistake  in  the  observations,  and  the  conclusions  drawn  from 
them  must  be  allowed  to  have  great  weight.  We  perceive  that  entire 
groups  of  strata  are  unrepresented  at  the  West,  since  the  species  in  the 
upper  Helderberg  limestones,  where  they  rest  upon  the  Niagara  group  at 
the  West,  are  identical  with  those  of  the  same  rocks  in  New  York,  where 
they  overUe  the  Oriskany  sandstone. 

The  very  interesting  species  marking  the  period  of  the  Hamilton  group 
are  entirely  wanting  m  the  western  and  south-western  States,  and  we  have 
very  few  representatives  of  those  of  the  Portage  and  Chemung  groups,  and 
none  at  all  of  the  Catskill  mountain  shales  and  sandstones. 

Such  being  the  state  of  things  at  the  West,  it  is  easy  to  point  out  the  line 
of  demarcation  between  three  or  four  groups,  but  this  kind  of  gprouping  will 
not  help  us  elsewhere.  One  of  these  groups  which  physically  is  a  natural 
one  in  some  parts  of  the  country,  contains  fossils  of  three  distinct  periods, 
viz  :  the  Niagara,  the  lower  and  the  upper  Helderberg.  Were  these  ani- 
mals living  contemporaneously,  or  did  they  succeed  each  other  in  the  order 
of  time,  as  elsewhere  shown  ?  And,  if  tbey  thus  succeeded  each  other, 
did  the  same  interval  elapse  in  those  localities  where  they  form  one  appa- 
rent group,  as  in  those  places  where  each  one  is  represented  by  a  distinct 
geological  formation  and  a  fauna  peculiar  to  itself?  These  are  questions  to 
be  answered  only  after  mature  investigation;  they 'arise  with  others  when 
We  take  into  consideration  our  palaeozoic  seiies,  in  its  entire  geographical 
extent,  and  consider  the  varied  phases  which  it  displays  over  tne  space 
stretching  from  the  Atlantic  to  the  Mississippi,  and  from  Alabama  on  the 
south  to  Lake  Superior  on  the  north. 

PABALLELISM  OF  THE  PALiBOZOIC  SERIES  OF  EUROPE  AND  AMERICA. 

The  series  of  deposits  which  we  have  to  consider  lies  between  two  well 
marked  limits ;  namely,  the  base  of  the  palaeozoic  beds  on  one  side  and 
the  period  of  the  coal  on  the  other.  These  two  points  are  of  equal  import- 
ance as  geological  horizons.  On  the  continent  of  Europe  and  in  the  Uni- 
led  States,  there  is  little  difference  of  opinion  in  regard  to  the  point  of  the 
commencement  of  organic  life.  In  England  the  question  is  not  so  well  deter- 
mined,  and  it  is  here  that  we  need  further  information  before  we  can  make 
satisfactory  comparisons.     M.  de  Vemueil  has  remarked*  that  one  of  the 

*  I  should  not  proceed  farther  without  making  due  acknowledgment  for  the  yery  lucid  and 
philosophical  memoir  of  de  Yemeuil  upon  Ihe  «  Parallelism  of  the  Palseozoic  fbrmations  of 
America  with  those  of  Europe."  {Bulletin  de  la  Soe.  Geo.  de  France,  Ser.  II.  T.  lY. 
translated  and  published  in  Sill.  Am.  Jour.,  Series  II.  No.  14,)  which  has  done  more  than 
all  else  to  elucidate  this  subject.  The  paper  by  Mr.  Sharpe  on  the  «  Paleozoic  rocks  of 
North  America,"  (Quar.  Jour.  Geol.  Soc.  London,  Aug.,.  1848)  is  filled  with  valaable  criti- 
cal matter  and  affords  useful  hints  upon  the  subject.  M.  Elie  de  Beaumont,  in  bis  "  Note  for 
let  systemes  de  Montagues  les  plus  anciens  de  I'Europe,"  published  in  1847,  has  also  intro- 
duced the  subject  of  parallelism  in  connexion  with  his  views  of  mountain  systems  and  theh 
ei>ochs  of  elevation.  Beyond  these,  we  have  our  own  papers  on  this  subject,  which  wvre  the 
results  of  observations  made  several  years  since. 
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principal  difficulties,  in  the  comparison  between  American  and  European 
systems  is,  that,  in  America,  the  series  is  more  complete  than  in  Europe. 
It  cannot  then  be  expected  that  we  should  find  representatives  for  all  our 
groups,  but  only  for  the  most  persistent  of  them.  The  very  completeness 
of  the  palaeozoic  series  in  this  country  presents  another  difficulty,  since  it 
destroys  those  sharp  lines  of  demarcation,  and  those  wide  and  positive  dis- 
tinctions which  are  very  conspicuous  where  many  of  the  beds  or  groups 
composing  the  series  are  wanting.  If  there  be  any  changes  in  the  charac- 
acter  of  the  animals  marking  successive  stages,  then  every  later  group  is 
marked  in  some  degree  by  these  changes ;  thus,  the  absence  of  any  one  or 
more  of  the  intermediate  groups  leaves  those  on  both  sides  in  stronger  con- 
trast with  each  other. 

All  the  attempts  to  show  that  the  parallelism  of  American  and  European 
palaeozoic  deposits  have  been  with  a  view  to  find  a  correspondence  with  the 
European  standard,  where  the  series  is  confessedly  incomplete,  and  where  it 
has  suffered,  during  its  deposition  or  subsequent  to  it,  many  disturbances. 
In  speaking  in  this  manner,  we  do  not  mean  to  detract  from  the  great  merit 
of  this  standard  of  classification,  the  result  of  labors  of  whicn  we,  who 
study  the  various  groups  almost  undisturbed,  can  have  but  little  idea ;  we 
mean  only  to  claim  for  the  most  complete  series,  that  one  where  physical 
and  z5ological  characters  are  best  developed,  the  preeminence  which  is  due 
to  it  as  the  most  perfect  exponent  of  nature  herself.  It  has  been  said  that 
our  groups  are  of  very  unequal  importance  ;  but  to  this  it  may  be  remarked 
that  it  was  not  always  possible  to  say  what  were  and  what  were  not  impor- 
tant groups.  Tor  example,  the  Niagara  lunestone,  in  its  eastern  extension, 
is  only  a  few  feet  in  thickness,  and  might  well  be  united  with  the  lower  Hel- 
derberg  series,  which  are  separated  from  it  by  less  than  twenty  feet ;  and 
these  two  groups  were  so  united  up  to  the  year  1838:  but,  following 
out  these  deposits  in  a  westerly  direction,  the  Niagara  group  expands  to 
an  important  one,  and  the  thin  mass  separating  it  from  the  lower  Uelder- 
berg  attains  a  thickness  of  a  thousand  feet.  What  are  apparently  unim- 
portant beds,  in  one  place,  may  become  very  important  in  another.  It  is, 
mdeed,  true  that  this  attention  to  minor  groups  does  diminish  the  value 
of  the  lines  of  division  between  the  so-called  systems  ;  thus,  throughout 
New  York,  the  line  of  separation  between  the  Niagara  and  the  lower  Hel- 
derberg  limestone  is  as  strongly  marked  as  that  between  upper  and  lower 
Silurian,  or  that  between  the  low^er  and  upper  Helderberg,  which  is  now 
regarded  as  the  line  between  the  Silurian  and  Devonian.  In  this  instance, 
we  have  no  hesitation  in  saying,  that  the  line  of  separation  between  two  of 
the  subordinate  groups  of  a  system  is  as  well  marked  as  that  between  the 
two  divisions  of  that  system  into  upper  and  lower,  or  between  that  system 
and  the  succeeding  one.  If  it  be  argued  that,  in  the  South-west,  these  two 
groups  of  the  lower  Silurian  system  coalesce  into  one  physical  group,  so  also 
does  the  upper  Helderberg  (Devonian)  coalesce  equally  wuth  the  other 
two,  the  whole  forming  but  a  single  physical  group.  The  Oriskany  sand- 
stone is  often  less  than  five  feet  in  thickness,  and  yet  it  separates  the  lower 
and  upper  Helderberg  limestones  as  effectually  at  those  points,  as  where  it 
is  a  thousand  feet  thick.  The  Marcellus  shale,  a  subordinate  member  of 
the  Hamilton  group,  is  not  more  than  one  hundred  feet  thick,  and  still  it 
contains  a  group  of  fossils  specifically  unlike  all  those  in  the  succeeding 
rocks.  It  is  certainly  worthy  of  separation  as  a  distinct  member  of  the 
series,  and  its  importance  is  likely  lo  mcx^^s^  i^\!ti<^i  iV^xv  \.o  ^\\fiMisfcL,    The 
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black  slate  of  the  western  and  south-western  States^  which  immediately 
mcceeds  the  corniferous  limestone,  has  no  greater  thickness  than  the  Mar- 
:ellus  shale,  and  yet  its  importance  is  there  fully  acknowledged.  It  occu- 
pies the  interval  between  the  corniferous  limestone  and  the  carboniferous 
sandstone,  which,  in  New  York,  is  filled  by  three  distinct  groups  having  a 
total  thickness  of  little  less  than  five  thousand  feet. 

A  review  of  all  the  facts,  and  the  conditions  under  which  we  find  the 
successive  groups  developed,  brings  us  back  to  our  original  conclusion,  that, 
where  the  series  is  most  complete,  there  will  be  recognized  no  lines  of  sys- 
:enis  ;  and  that  the  whole  series,  from  the  commencement  of  organic  exis- 
ence  to  the  period  of  the  coal,  is  one  system,  composed  of  a  series  of  de- 
K)sits  succeeding  each  other  without  those  marked  changes  or  intervals 
«rhich  have  usually  been  considered  to  exist. 

LOWER   SILURIAN   GROUPS. 

The  Potsdam  sandstone,  with  its  associated  conglomerates  and  shales, 
ivhich  exist  in  some  parts  of  the  United  States,  lies  at  the  base  of  the  fos- 
;iliferous  series.  It  has  now  been  traced  from  Canada,  west  to  the 
Mississippi  river,  and  south-west  to  Alabama.  This  rock  is  represented  in 
lussia  by  the  beds  containing  Oholus  and  Lingula ;  and  in  Scandinavia  by 
landstones,  which  rest  unconformably  on  the  gneissoid  and  schistose  rocks, 
'imposing  the  azoic  system.  M.  de  Verneuil  remarks :  "  These  are,  in  the 
wo  continents,  the  most  ancient  fossiliferous  rocks ;  and,  when  we  reflect 
ipon  their  antiquity,  we  are  astonished  to  find  a  genus  of  shells  in  them 
vhich  still  appears  in  the  existing  creation,  proving  that  the  conditions  of 
existence  were  not  very  different  then  from  what  they  are  at  present.'^  It 
s  not  yet  certain  that  any  beds  exactly  equivalent  to  this  sandstone  have 
>een  found  in  Great  Britain,  though  it  is  not  impossible  that  some  of  the 
>eds  in  North  Wales  may  be  so.  In  the  same  connection  we  may  include 
he  calciferous  sandstone,  which  does  not  appear  to  be  recognized  anywhere 
n  Europe  with  the  same  distinctness  as  in  America. 

The  Chazy,  Birds-eye,  and  Black-river  limestones,  which,  in  New  York, 
brm  a  group  distinct  from  the  Trenton  limestone,  are  not  very  clearly  re- 
cognized in  Europe.  It  is  probable  that  some  part  of  the  Orthoceratite 
imestone  of  Sweden  is  the  equivalent  of  the  BlacK-river  mass ;  but  we  have 
lo  evidence,  from  fossils  or  otherwise,  that  there  are  any  representatives  of 
he  two  lower  rocks.  I  have  shown  that,  of  the  eighty- three  species  found 
n  these  lower  limestones,  four  pass  upwards  into  succeeding  beds,  two  arc 
loubtful,  and  seventy-seven  are  restricted  to  the  group.  Of  this  number 
)f  species,  the  Lituites  convolvans  is  the  only  one  which  I  can  consider  as 
m  European  species ;  the  Illcenus  of  the  Chazy,  which  I  regarded  with 
loubt  as  /.  crassicauday  being  a  very  distinct  species.*  For  these  reasons 
[  consider  the  limestones  in  question  as  having  no  representation  among 
British  strata ;  and,  if  at  all  represented  on  the  continent,  it  can  be  only  in 
I  very  partial  manner. 

The  Trenton  limestone,  the  Utica  slate,  and  the  Hudson-river  group  are 
•epresented  in  northern  Europe  by  the  Orthoceratite  limestone  of  Sweden 
md  Russia,  and  by  the  shales  with  Graptolites,  which  succeed  to  that  lime- 
ttone.     In  Great  Britain,  the  Llandeilo  flags  and  Caradoc  sandstone  are 


*   Columnaria  ifAv^oiam  of  GeldfllBS  IS  an  Hkm^tn^^S:  to^^. 


[  4  J  295 

clearly  the  equivalent  of  these  groups.  It  is  here  that  we  first  find  a  num- 
ber of  species  identical  with  European  ones,  and  which  enable  us  to  insti- 
tute a  comparison.  It  will  be  found,  however,  that  the  species  in  the 
Hudson-river  group  correspond  most  nearly  with  the  European  forms,  and 
that  it  may  be  doubtful  if  the  base  of  the  Trenton  limestone  has  been 
reached  in  Great  Britain.  I  am  quite  aware  of  the  opinion  expressed  bj 
Mr.  Sharpe,  who  speaks  of  the  fossils  of  the 

Trenton  limestone, 

Utica  slate,  ]  Blue  limestone  of  Ohio. 

HUDSON-EIVEE  GROUP, 

as  being,  many  of  them,  common  to  Europe,  where  they  characterize  the 
middle  part  of  the  lower  Silurian  system ;  it  must  be  recollected,  however, 
that  Mr.  Sharpe  includes  in  the  lower  Silurian  series,  the 

Grey  sandstone, 
Oneida  conglomerate, 
Medina  sandstone, 
Clinton  group. 

The  three  latter  we  cannot  include  within  the  lower  Silurian,  for  reasons 
elsewhere  given ;  but  especially  because,  by  thus  doing,  the  line  between 
the  upper  and  lower  Silurian  would  be  drawn  in  the  midst  of  species  and 
types  continuing  upwards  into  the  upper  Silurian.  We  must  also  recollect 
that  the  larger  part  of  Mr.  Lyell's  collection  was  made  in  western  locali- 
ties, and  that  lie  could  not  have  had  a  fair  representation  of  the  species  of 
the  Trepton  limestone,  as  we  know  them  in  New  York. 

I  have  now  satisfied  myself,  from  actual  examination  over  many  hun- 
dred miles,  that  the  blue  limestone,  as  it  appears  at  Cincinnati,  is  only  the 
Hudson-river  group ;  and  that  the  Trenton  and  other  limestones,  or  their 
equivalents,  lie  below  it.  This  opinion  was  published  by  me  in  1841,  and 
though  I  was,  at  one  time,  disposed  to  mo^jfy  it  from  the  observations  and 
published  accounts  of  others,  later  examinations  have  confirmed  me  in  my 

!)Osition.  The  argument  of  Mr.  Sharpe,  therefore,  when  we  look  at  the 
acts,  is  strongly  m  favor  of  the  view  we  have  expressed ;  for,  taking  away 
the  three  groups,  as  we  are  compelled  to  do,  we  show  that  the  fossils  he 
was  examining  w^ere  from  the  upper  part  of  our  lower  Silurian  series,  and 
not  from  the  middle.  These  correspond  very  well  with  the  Caradoc  sand- 
stone, which,  in  its  zSological  character,  is  clearly  the  equivalent  of  our 
Hudson-river  group.* 

In  studying  the  fossils  from  the  Trenton  limestone,  Utica  slate  and  Hudson- 
river  group,  (regarding  the  latter  as  composed  of  the  Frankfort  slate,  the 
Pulaski  shales  and  sandstones,  and  the  grey  sandstone,)  I  found,  restricted  to 
the  Trenton  limestone,  one  hundred  and  eighty-eight  species  ;  and,  beyond 

*  There  can  be  no  longer  any  ground  for  sustaining  the  opinion  of  M.  Elie  de  Beaumont, 
that  the  Caradoc  is  the  equivalent  of  the  Potsdam  sandstone.  This  opinion  I  presume  to 
have  been  formed  ftom  the  erroneons  views  published  in  this  country  as  to  the  position  d 
the  Potsdam  sandstone  with  regard  to  the  metumorphic  slates  and  other  schistose  rocks  of 
eastern  New  York  and  western  New  England.  Since  there  is  now  but  one  opinion  regard- 
fog  the  age  of  these  rocks,  it  is  no  \oT\g«T  ty^ca^^ty  to.  pffer  any  argument  to  prove  tbeir 
IIP^M  jHMitlofl  lUid  relation  to  the  Potiidaax  Mxi^Voii«« 
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his  number,  twenty  species  common  to  the  Trenton  limestone  and  Hudson- 
iver  group,  and  two  species  common  to  the  Trenton  limestone  and  the 
Jtica  slate.  In  the  latter  rock,  I  found  eight  species  restricted  to  that 
ock,  and  three  others  occurring  in  both  this  rock  and  the  Hudson-river 
;roup.  In  the  latter  group,  fifty-four  species  are  restricted  to  it,  and  there 
ire  twenty  which  are  common  td  it  and  the  Trenton  limestone,  and  three 
:ommon  to  it  and  the  Utica  slate. 

The  list,  given  by  Mr.  Sharpe,  of  the  European  species  found  in  these 
jroups,  is  as  follows : 

Lept«na  altemata.  Spirifer  biforatua. 
depressa.  Terebratula  bidentata. 

■  imbrex.  reticularis  ? 

sericea.  Strophomena  grandis. 

Orthis  parva.  Bellerophon  bilobatus. 

■  testudinaria.  Porcellia  omata. 

» 

Of  these  species  every  one,  which  is  included  in  our  list,  is  common  to  the 
Prenton  and  Hudson-river  group,  or  restricted  to  the  latter,  as  is  the  case 
nth  Terebratula  bidentata*  and  Porcellia  ornata,^  This  does  not  reach 
he  case ;  and  unless  we  have  evidence  that  some  small  portion  of  this  one 
lundred  and  eighty-eight  species,  restricted  to  the  Trenton  limestone,  are 
dentical  with  British  species,  we  shall  not  feel  disposed  to  admit  that  this 
leriod  is  there  represented.  It  is  probable,  however,  that  the  Llandeilo 
lags,  and  some  associated  limestones,  may  be  the  equivalent  of  this  rock  in 
lie  British  isles.  When  we  recollect  that,  according  to  Professor  Sedg- 
ick,  all  the  Bands  of  limestone  in  England,  below  the  carboniferous  series, 
re  purely  local  phenomena,  which  appear  only  at  intervals,  we  shall  not 
s  surprised  to  find  that  our  lower  Silurian  limestones  are  not  there  repre- 
;nted  by  strata  of  the  same  lithological  character. 

In  comparing  our  fossils  with  those  of  Ireland,  we  find  several  species 
lentical  and  others  closely  resembling  those  of  the  Trenton  limestone, 
xnong  them  m^y  be  named,  Isotelus  gigas  (  which  rarely  occurs  in  the 
[udson-river  group),  Illsenus  crassicaudky  Phacops  callicephaluSy  (allied 
)  P.  Dalmani),  and  Lichas  trentonensis  (allied  to  Lichas  (J\ruttainia)niber'' 
ica). 

We  recognize  in  the  fossils  of  this  period  some  which  are  identical  with 
£iose  from  Sweden  and  northern  Europe.  M.  de  Yemeuil  has  indicated  the 
>llowing : 

Calymene  Blumenbachii,  (var.  senaria.)        Tritmclens  caractaci. 

C.  Eifcheri.  Orthoceras  commnms,  or  duplex^ 

C.  punctata.  Lituites  convolvaiiB. 

lUaenuB  crasaicauda.  Belleropboti  bilobatus. 

Licbaa  laciniata.  Spirifer  lynl. 

Ceraunis  pleurexantbemus.  Orthis  testudinaria^ 

Phacops  Dalmani.  — —  Temeuilit 

■  -■'-- ■        '       ■-.  ,-■ 

•  Atrfpa  dentata^  ttall.  Pal.  K.  Y.,  Vol.  I.  p.  88,  Fig.  14,  not  T,  bidentata^  Hist.  Leth. 
liMC.    I  have  since  become  satisfied  that  this  is  a  Hudson-river  species. 
CfTi9lites  ortuttHs,  Conrad. 
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These  may  be  regarded  as  characteristic  of  the  lower  Silurian  tige  lii 
Europe  and  America.  When  we  compare  the  formations  given  by  Hian- 
ger,  and  the  lists  of  fossils  uilder  ^ach,  we  cah  have  no  doubt  but  that  we 
have  represented  in  the  "  strata  schisti  argillaceV^  and  the  *'  strata  sckisti 
alumnarisy^^  our  Hudson-river  group  and  Utica  slate  ;  and  that  the  "  straia 
calcarea  antiquioray*^  with  their  nutnerous  Trilobites  and  Orthoceratites, 
Orthis,  &c.,  some  of  which  are  identical  with  our  species,  and  many  closely 
related  in  form,  are  equivalent  to  our  Trenton  limestone,  with  a  meagre 
representation  of  the  beds  below. 

If  the  Orthoceratite  limestone  of  Sweden  extended  into  Great  Britain,  it 
seems  scarcely  possible  that  it  should  not  have  been  recognized,  since  it 
contains  an  abundance  of  that  remarkable  form,  the  Endoceras^  but  a  single 
one  of  which,  Orthoceras  bisiphonatuniy  is  figured  in  Murchison's  "  Silurian 
System,'^  and  this  one  is  from  the  Caradoc  sandstone.  The  fossils  from  the 
Llandeilo  flags  are,  to  so  great  an  extent,  identical  with  species  from  the 
Caradoc,  that  we  cannot  suppose  these  beds  to  extend  below  the  horizon  of 
the  upper  part  of  the  Trenton  limestone ;  or,  in  the  absence  of  the  calcareous 
element,  tney  may  possibly  hold  the  place  of  this  limestone  ;  but  of  this 
we  have  no  positive  evidence,  for  the  want  of  materials  for  comparison. 

In  America,  the  Hudson-river  group  terminates  the  deposits  of  the  lower 
Silurian  period.  The  commencement  of  the  succeeding  period  is  marked  by 
some  great  disturbance,  which,  though  not  visible  in  its  effects  upon  the  pre- 
ceding beds,  is  indicated  by  the  production  of  a  coarse  sandstone  and  con- 
glomerate, spread  widely  over  the  deposits  of  a  more  quiet  period.  This 
reason  alone  might  not  be  sufficient  to  induce  us  to  draw  the  line  of  demar- 
cation at  this  point ;  but,  in  the  fossiliferous  beds  succeeding  this  rock,  we 
find  ourselves  m  the  midst  of  a  fauna  which  is  entirely  new,  or  at  least 
where  preexisting  forms  are  so  rare  and  obscure  that  they  are  scarcely 
appreciable  in  our  consideration  of  the  whole.  This  entire  change  in  the 
fauna  is  equally  characteristic  over  large  areas  of  country,  where  the  sand- 
stone before  alluded  to  has  not  extended.  The  epoch  of  this  conglomerate, 
however,  was  followed  by  alternate  periods  of  disturbance  and  repose ;  for 
we  find,  in  the  Medina  sandstone,  a  vast  accumulation  of  argillaceous  mat- 
ter mingled  with  the  arenaceous  deposits ;  and,  the  Clinton  group,  whose 
organic  remains  become  numerous,  consists  of  shales,  sandstones  and  con- 

Slomerates.  At  the  commencement  of  this  period,  therefore,  as  at  the 
eginning  of  the  palaeozoic  epoch,  we  have  the  evidences  of  those  distur- 
bances which  have  charged  the  ocean  with  coarse  materials,  transported  by 
violent  currents,  and  spread  widely  over  the  bed  of  a  previously  quiet  sea. 
The  change  in  the  fauna  is  equally  conspicuous  where  the  sandstone  or 
conglomerate,  which  ushers  in  this  period,  does  not  exist,  that  is  to  say, 
at  the  West  and  North-west.*  We  have  already  shown  this  in  tracing  the 
formations  from  Drummond^s  island  to  the  Mississippi  river.  If  any  further 
facts  or  arguments  were  needed  to  sustain  this  view,  we  have  them  in  the 
fossils  already  described  from  the  Clinton  group  of  New  York,  which 
amount  to  more  than  one  hundred  species ;  and  we  have  not  yet  recognized 
five  which  are  known  in  the  lower  Silurian  rocks  of  America. 


*  M.  de  Vemueil  says,  that  near  Galena,  the  line  of  separation  is  not  so  distinctly  marked, 
and  tbe  magnesian  limestone  contains,  at  its  base,  the  fossils  of  the  lower  Silurian  period. 
We  regard  this  as  already  sufficiently  explained  in  what  we  have  said  of  this  lead-beariog 
or  Gaiena  limestone,  which  has  heretofore  been  united  with  the  cliff,  or  upper  magoe- 

tiAB  limeatODe,  but  which  is  decidedly  BepaT&tedfToxii\S^^V«Adlsalower  SUurianlimeitoiMi 

which  BufSciently  accoumts  for  its  conUVainf^lQ^^i  ^iiw»sktQi«^« 
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vppsR  simauN  groups. 

In  the  upper  division  of  the  Silurian  system,  we  include  the  rocks  from 
the  Oneida  conglomerate  to  the  lower  Helderberg  limestone  inclusive. 
Of  these  groups,  the  Clinton  and  Niagara  have  a  very  wide  extension,  as 
we  have  already  shown,  in  a  westerly  and  south-westerly  direction,  while 
the  lower  Helderberg  limestones  extend  in  a  southerly  direction,  following 
the  palaeozoic  deposits,  and  can  be  more  or  less  distinctly  recognized  from 
New  York  to  Alabama. 

The  Clinton  group,  with  its  beds  of  Pentamerus  ohlonguSy  represents 
what  in  England  is  regarded  as  the  upper  part  of  the  Caradoc  sandstone  ;* 
but  we  find  it,  not  only  above  this  well-marked  horizon,  which  we  have 
already  indicated,  but  associated  with  numerous  species  of  fossils,  some  of 
which  are  known  as  upper  Silurian  forms  in  Europe,  and  others  pass  into 
forms  characteristic  of  the  Niagara  group  in  this  country. 

The  Niagara  group,  with  its  shale  and  limestone,  would  seem,  at  first 
view,  to  be  the  exact  equivalent  of  the  shale  and  limestone  of  Wenlock 
and  Dudley  in  England,  and  of  Gothland  in  Sweden,  so  numerous  are  the 
identical  species  in  these  groups^  but,  on  examination,  we  find  that 
there  are  numerous  species  included  in  these  rocks  in  Europe,  which 
occur  only  in  the  lower  Helderberg  limestones,  and  which  are  separated 
from  the  Niagara  by  the  enormous  deposit  of  the  Onondaga  salt  group. 
It  is  clear,  therefore,  that  in  the  Wenlock  formation  of  England,  and  its 
representatives  in  northern  Europe,  are  included  parts,  at  least,  of  two  dis- 
tinct groups  in  the  order  of  time, — distinct  both  in  their  physical  and 
zoological  features ;  and  we  cannot  institute  a  proper  comparison  between 
the  rocks  of  our  own  country  and  those  of  Europe,  while  we  regard  that 
as  one  group.  The  condition,  both  in  England  and  on  the  continent,  is 
doubtless  similar  to  what  we  find  in  Tennessee  and  Virginia,  where,  from 
the  absence  of  the  intermediate  groups,  not  only  the  Niagara  and  lower 
Helderberg  are  united  together,  but  even  the  upper  Helderberg  limestones 
are  superadded. 

M.  de  Verneuil  regards  the  five  inferior  beds  of  the  Helderberg  as  equiv- 
alent to  the  Ludlow  formation  of  England,  and,  at  the  same  time  recog- 
nizes many  Wenlock  species  among  tnem.  Mr.  Sharpe  remarks  that  "  a 
large  proportion  of  their  shells  correspond  with  those  of  our  Wenlock  for- 
mation, and  there  can  be  no  doubt  that  they  must  be  classed  with  that  de- 
posit." We  certainly  admit  the  propriety  of  recognizing  these  divisions  — 
the  Niagara  on  one  side  and  the  lower  Helderberg  on  the  other — as  equiva- 
lent to  the  Wenlock  formation.  Mr.  Sharpe  remarks,  however,  that,  with 
these  shells  of  the  lower  Helderberg,  he  finds  sonje  which  have  been  re- 
garded as  Devonian,  and  mentions  Or  this  resupinata  and  a  Productusy 
which  w^e  can  only  suppose  to  have  found  their  way  into  this  collection  by 
accident.!     We  are  not  prepared  to  say  what  relation  these  five  members, 

*  It  appears  to  me  highly  probable  that  the  breccia  and  conglomerate  of  the  upper  part 
of  the  Caradoc  may  represent  oar  Onondaga  conglomerate,  and  there,  as  here,  occupy  a 
lower  position  than  the  Pentamerus  beds. 

t  It  is  true  that  there  is,  in  the  upper  Pentamerus  limestone  of  the  lower  Helderberg,  an 
OrtfUs  resembling  O.  resupitiata,  and  another  in  the  Delthyris  shaly  limestone,  which  bear 
some  resemblance  to  that  species;  both,  however,  are  quite  distinct.  I  have,  in  my  own 
collection,  three  different  species  fVom  England  and  the  continent,  all  under  the  name  o^ 
O.  renupinata^  bUt  entirely  distinct  fVom  each  other ;  and  Mr.  Sharpe  will,  I  am  sure,  recog' 
nize  them  as  distinct,  whenever  he  shall  direct  his  attention  to  them.  I  hav^  seen  Froductu* 
below  the  upper  Helderberg  limestone,  where  wo  know  that  it  oc^xrra. 
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forming  the  lower  Helderberg  group,  bear  to  the  Ludlow  rocks ;  but  we 
know  Siat  few  of  the  fossils  are  similar  to  those  of  that  division,  while 
many  are  identical  with  those  of  Wenlock  and  Dudley.  We  have  yet  seen 
no  reason  to  change  our  opinion  as  to  the  similarity  of  the  fossils  of  the 
upper  Helderberg  and  Hamilton  jgroups,  with  those  of  the  Ludlow  divi- 
sion,  though  there  are  some  very  important  and  characteristic  ones  known 
only  in  the  lower  position. 

Among  the  species  of  the  Niagara  ffroup,  which  are  apparently  identical 
with  those  of  Wenlock  and  its  equivalent  on  the  continent,  we  may  men- 
tion the  following : 


Catenipora  escharoides. 
HoUolites  pyriformifl,  and  allied 

species  (Pontes  of  Lonsdale). 
Siromatopora  concentrica. 
Limaria  fruticosa. 
■  clathrata  ? 

Numerous  bryoz3oid  corals, 

identical  with  Dudley  species. 
Ichthyocrinus  Isevis. 
Eucalyptocrinus  decorus,  and 
Gystide®  of  closely  allied  forms. 
Orthis  elegantula. 

hybrida. 

Leptsena  depressa. 

transversalis. 

"  subplana  ? — Orthis  pecten  ? 
Spirifer  bilobus. 

sulcatus. 

—  crispus. 

«~^  radiatus  (S.  cyrtaena,  Dal.) 


Atrypa  reticularis. 

imbricata ;  or  a  closely  allied  species. 

bidentata. 

interplicata. 

cuncata. 

brevirostris  7 

plicatclla  ? 

aprina. 

Orthoceras  imbricatum. 

virgatum. 

undulatum. 

Comilaria  niagarensis.  (Compare  with  C. quid- 

rlsulcata  in  Murchison's  Sil.  Syst.) 
Cybele  punctata. 
Ceraurus  insignis. 
Bumastis  bairiensis. 
Phacops  lingulurus. 
Galymene  Blumenbachii. 
Homalonotus  delphinocephalus. 
Proctus  Stokesii,  and  species  of  Onchus. 


This  list  might  be  considerably  extended,  if  we  were  to  add  species  so 
closely  similar  to  European  forms,  that  there  may  still  be  some  question  as 
to  their  identity.* 

Remembering  that,  above  this  group,  we  have  the  Onondaga  salt- 
gioup,  which,  m  its  greatest  development,  is  one  thousand  feet  thick,  we 
turn  to  the  next  succeeding,  or  lower  Helderberg  group.  In  this  group  we 
recognize : 


Orthis  pisum,  a  species  closely  allied  to  O.  hy- 
brida. 

A  species  allied  to  O.  hybrida. 

A  species  allied  to  O.  elegantula. 

O.  orbicularis. 

Leptena  depressa. 

Spirifer  varicus,  allied  to  S.  bilobus. 

Spirifer,  two  species  resembling  S.  crispus, 
and  S.  sulcatus,  but  much  larger. 

Atrypa  reticularis. 


Atrypa  tuniida  ? 

Wilsoni  1 

■  Stricklandi  T 

Pentamerus  galeatus. 
AvicuU  naviforniis. 

Bellerophon  prof\indus,  allied  to  B.  dilatatus. 
Phacops  Hausmauni. 

Homalonotus r  1  allied  to  H.  delphino- 
cephalus. 
Acidaspis ? 


*  la  this  list  I  haye  included  none  ^\i\Osl  «to  i^^ulcx^^  v^  ibiQ  Clinton  group. 
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The  number  of  species  identical  with  European  forms  will  aoul)tiess'"t)e 
ttuch  increased,  when  a  critical  comparison  shall  have  been  made  of  all  the 
pecimens  we  now  possess  from  this  group ;  and,  even  at  the  present  tiihe, 
ne  list  of  allied  species  might  be  considerably  increased,  if  it  were  desira- 
ble to  do  so.  Among  those  enumerated,  not  one  is  known  in  the  Niagara 
proup,  and  among  them  are  Phacops  Hausmanni  and  Pentamencs  galeatus, 
^hich  are  well-known  European  species  of  the  age  of  the  Wenlock  divi- 
ion.  Among  the  corals  are  numerous  forms  closely  allied  to  the  Niagara 
pecies  ;  but  they  have  not  yet  been  fully  compared  with  those  of  Europe. 

To  show  still  farther  that  these  are  distinct  z5olo^cal  groups,  I  may 
lention,  that  three  hundred  and  twenty  species  have  oeen  described  from 
he  Clinton  and  Niagara  groups ;  and  among  more  than  two  hundred  known 
pecies  of  the  lower  Helderberg,  I  have  not  recognized  a  single  one  identi- 
al  with  those  of  the  Niagara  group.  Again,  the  Niagara  and  Clinton 
roups  extend  from  New  York  far  to  the  westward,  everywhere  recognized 
y  their  physical  and  zoological  characters ;  while  to  the  north  of  the  Ohio, 
7e  do  not  recognize  the  lower  Helderberg  limestones,  beyond  the  central 
art  of  New  York.  These  two  groups,  from  the  thinning  of  the  Onondaga 
alt  group,  approach  within  a  few  feet  of  each  other  along  the  base  of  the 
lelderberg,  but,  nevertheless,  continue  far  to  the  south-west,  separated  by 

remnant  of  the  Onondaga  salt  group,  till  at  last  this  disappears,  or  is  no 
3Mer  recognized. 

m  the  comparison,  therefore,  with  European  groups  of  uppjer  Silurian 
ge,  we  find  that  our  Clinton  group  is  merged,  by  European  writers,  in  the 
3wer  Silurian  period  ;  the  Medina  sandstone,  on  the  other  hand,  appears 
ot  to  be  recognized ;  or,  if  existing  in  any  form,  is  classed  with  the  prece- 
ing.  The  Onondaga  salt  group  is  not  represented  in  Europe,  and  the 
Hagara  group  and  lower  Helderberg  limestones,  which  exist  there  only 
artially  developed,  are  merged  in  one,  while,  in  the  United  States,  they 
lark  two  important  epochs  in  the  upper  Silurian  period.  That  this  is  the 
rue  state  of  the  case  we  feel  the  more  confident,  inasmuch  as  it  is  analo- 
ous  to  what  we  find  to  be  true  in  this  country. 

GROUPS  ABOVE  THE  LOWER  HELDERBERG. 

Tuminff  our  attention  to  a  comparison  of  the  divisions  succeeding  the 
>wer  Helderberg,  we  first  meet  with  the  Oriskany  sandstone  and  Cauda- 
alli  grit.  The  former  has  no  great  thickness  in  New  York,  but  acquires  a 
reater  development  in  Pennsylvania  and  Virginia.  It  has,  however,  entirely 
[linned  out  in  western  Tennessee  and  is  nowhere  met  with  in  the  States 
rest  of  the  Appalachian  chain.  This  rock,  however,  is  geologically  of 
reat  importance;  for,  along  the  Atlantic  slope  it  forms  a  very  promment 
ividing  line  between  limestone  series  which,  m  their  physical  aspect,  are 
ery  similar  to  each  other.  In  its  organic  contents  it  contrasts  strongly 
rith  the  rocks  which  have  preceded  it.  Although  in  many  places  super- 
nposed  directly  upon  the  upper  Pentamerus  limestone,  yet,  the  moment  we 
titer  it,  we  discover  that  we  have  left  all  those  forms  which  were  charac- 
^ristic  of  the  strata  below.  In  its  prominent  and  abimdant  fossils  it  has 
Imost  as  little  connection  with  the  succeeding  fossiliferous  rocks  as  with 
hose  below. 

The  production  of  this  rock  undoubtedly  marks  a  period  of  physical  dis- 
urbance^  which  resulted  in  the  formation  and  distribution  q(  ^£i&  ^^\f^:6!L 
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matter.  It  appears  to  hare  been  only  in  remote  parts,  or  in  those  points 
distant  from  the  source  of  this  deposit,  that  organic  beings  flourished  in  any 
considerable  numbers.  The  succeeding  deposit,  which  is  a  detritus  of  mtty 
material,  both  argillaceous  and  arenaceous  in  its  character,  is  very  limit- 
ed in  its  extent,  and  contains  scarcely  a  vestige  of  organic  life,  while  the 
fossils  of  the  preceding  division  are  entirely  cut  off  by  it. 

From  all  that  we  have  been  able  to  learn,  these  two  rocks  are  not  rep- 
resented in  Europe,  or  at  least  they  have  not  been  recognized  as  of  any 
geological  importance.  The  Oriskany  sandstone,  however,  marks  an  impor- 
tant horizon,  since  we  now  regard  it  as  commencing  the  Devonian  period. 
In  Europe,  and  more  particularly  in  Great  Britain,  the  limits  between  Silu- 
rian and  Devonian  have  not  been  clearly  'traced ;  since  we  observe  manj 
disputed  species,  and  others  which  are  said  to  pass  from  one  system  into  the 
other.  A  farther  comparison  of  specimens  shows  us,  that,  though  spedfi- 
cally  distinct,  many  of  the  Oriskany  sandstone  species  possess  peculiari- 
ties not  noticed  in  those  of  lower  groups,  but  which  are  characteristic  in 
the  higher  ones. 

DEVONIAN  SYSTEM. 

With  this  preliminary  notice,  we  enter  upon  the  consideration  of  the 
rocks  which  are  regarded  as  forming  the  equivalent  of  the  Devonian  sys- 
tem in  Europe,  excluding  the  two  just  mentioned,  which  are  not  recognized 
there  either  by  their  physical  or  z5ological  characters.  These  are  the 
Schoharie  grit;  the  Onondaga  and  Corniferous  limestones,  which  are  inti- 
mately connected  by  their  fossils ;  the  Marcellus  shale ;  the  Hamilton,  Por- 
tage and  Chemung  groups,  together  with  the  sandstones  of  the  Catskill 
mountains.  We  have  already  shown  how  far  these  can  be  recognized  at 
the  West  and  South-west,  and  it  remains  to  consider  how  far  they  are  rep- 
resented in  Europe  by  the  groups  kown  as  Devonian* 

It  has  been  a  difficult  point  to  fix  the  lower  limit  of  the  Devonian  system 
in  the  United  States.  We  were  able  to  recognize  the  extension  of  the 
series  equivalent  to  the  Wenlock  formation,  as  nigh  as,  and  including,  the 
lower  Helderberg  limestones,  of  which  we  have  been  speaking ;  but  we  were 
unablf  to  find  beds  corresponding  to  the  Ludlow  rocks,  unless  by  including 
those  groups  which  were  much  higher  up  in  the  series  ;  in  fact,  by  taking 
into  the  classification  the  Hamilton  group.  The  large  number  of  forms 
figured  in  Murchison's  "  Silurian  System'*  from  the  Ludlow  beds,  and 
which  can  nowhere  be  recognized,  even  in  their  analogues,  below  the  Oris- 
kany sandstone,  convinced  us  of  the  impropriety  of  including  the  upper 
Helderberg  and  Hamilton  groups  in  this  part  of  the  Silurian  series;  nor 
have  we  yet  seen  sufficient  reason  to  change  this  opinion.  If  the  Devonian 
system  is  so  extended  as  to  include  all  the  groups  alluded  to,  then  it  must 
also  include  some  of  those  beds  heretofore  referred  to  the  Ludlow  rocks. 
We  think  that  this  argument  has  some  force,  from  the  fact  that  in  the  coun- 
try where  this  system  was  first  promulgated,  no  less  than  twenty  species 
are  described  from  the  rocks  of  Devonshire  which  had  been  previously  des- 
cribed by  Murchison  in  his  "  Silurian  System,*'  and  nearly  all  of  them  from 
the  Ludlow  beds ;  giving  more  than  twenty-five  per  cent,  of  all  the  Lud- 
low species,  exclusive  of  fishes,  which  are  not  included  in  the  enumeration. 
This  number,  moreover,  amounts  to  ten  per  cent,  of  all  the  Devonian  fossils 
described  by  Phillips.    We  say,  without  fear  of  contradiction,  that  there  is 
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)  such  mingling  of  species,  no  such  passage  from  one  group  to  another  on 
le  American  continent,  even  among  the  most  insignificant  of  the  New  York 
ibdivisions.  More  than  this,  it  seems  unphilosophical  to  separate  rocks 
ito  different  systems,  when  so  great  a  similarity  of  organic  life  is  shown, 
i  may  seem  presumptuous,  for  one  not  having  been  on  the  ground,  to  offer 
imarks  thus  opposed  to  the  conclusions  of  eminent  English  geologists,  but 
rfore  the  appearance  of  the  "  Palaiozoic  fossils  of  Devonshire,"  we  had  in 
lis  country,  as  we  supposed,  been  able  to  recognize  something  like  the 
juivalent  of  the  Ludlow  series,  and  the  species  present  themselves  to  us 
ill  in  the  same  light.  If  the  relation  of  the  Ludlow  rocks  to  the  Devo- 
an  system  is  clearly  made  out,  and  they  are  shown  to  constitute  an  inter- 
ediate  group,  then  we  must  of  course  admit  that  there  is  an  important 
atus  in  our  series ;  but  until  this  is  done,  we  are  willing  to  believe  that  it 

more  perfect  than  that  of  other  parts  of  the  world. 

Before  proceeding  farther,  we  will  devote  a  few  lines  to  fossils  of  the 
udlow  beds,  as  figured  in  the  plates  of  Murchison's  "  Silurian  System." 

Lituiies  Biddulphii  (Sil.  Syst.  p.  211,  Fig.  8). — We  have  in  the  Scho    . 
irie  grit  fragments  of  a  fossil  scarcely  distinguishable,  in  any  respect,  from 
te  one  figured ;  covered,  moreover,  with  the  minute  Spirorbis  tenuis,  as 

the  Ludlow  specimens.  In  the  same  association  is  another  species  quite 
tnilar  to  Lituites  articulatus,  and  numerous  others  of  this  peculiar  type  of 
ssils,  which  we  know  in  no  other  rock.  Fragments  of  other  chambered 
ells,  referred  to  PhragmoceraSy  are  also  found  in  the  Schoharie  grit.  In 
e  same  rock  we  have  the  Calymene  platys  of  Green,  which  is  undistin- 
ushable  from  C.  Blumenbachiiy  yar.  major  of  Murchison.'  It  is  only  in 
higher  position,  principally  in  the  Hamilton  group,  that  we  find  Loxonc" 
1  nexiliSy  and  forms  like  Modiola  semisulcata,  Cypricardia  solenoidesy 
irdiola  fibrosa^  Cypricardia  amygdalinaj  C.  undatay  (which  is  of  the 
pe  of  many  of  our  Hamilton  forms,  and  clearly  belongs  to  the  same  ge- 
s,  Grammysia),  and  C.  cymbaformis  (a  decided  Hamilton  form).  . 
nong  the  Orthoceratites  we  find  such  forms  as  0.  ibex  and  0.  articular 
in,  and  I  might  go  on  to  increase  the  list,  were  it  necessary.  There  is 
•t,  m  the  whole  series  of  illustrations,  any  which  strike  us  more  forcibly 
an  those  just  cited,  since  they  are,  if  not  positively  identical,  at  least 
osely  allied  species. 

Prof.  Phillips's  list  of  the  Devonian  fossils  includes  the  following  species, 
scribed  by  Murchison  as  characteristic  of  the  Ludlow  or  upper  Silurian 
ries: 

Tnrbinolopsis  bina.  Cypricardia  itnpressa  ? 

■  ■■—  elongata.  Nucula  (Cnculliea)  ovata. 

Cyatbopbyllum  turbinatom.  Ortbis  semicircularia. 
Favosites  polymorpba.  ■■■■  compressa. 

■■■  ■  ■     gotblandica.  Loxonema  sinuosa. 

■  ■  ■—  flpongites.  Bellcropbon  trilobatus. 

i.i.i.»  ■  fibrosa.  Ortboccras  ludenso. 

Stromatopora  concentrica.  imbricatum. 

Pullastraf  complanata.  ibex. 

Cypricardia  (Modiola)  semisnlcata.  Bi^ntes  signatus. 

It  is  certainly  not  a  little  remarkable  that  so  many  Silurian  fossils  dvowH 
^s  upwards  info  the  Devonian  system,  a  case  quite  \mex'80Hi^\e^  ^^\» 
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even  among  groups  of  the  same  system,  and  what  we  cannot  conceire  of  as 
occurring  in  different  one$. 

We  will  next  turn  to  the  American  species  identified  with  Devonian  fonns 
in  Europe.  Mr.  Sharpe,  in  his  paper,  cites  the  following  species  from  the 
Oriskany  sandstone,  Cauda-galli  grit  and  Schoharie  grit,  as  identical  vitli 
European  forms,  viz: 

Spirifer  arenosus, 

Urii, 

Terebratula  reticularis ; 

ami  from  the  Onondaga  and  Comiferous  limestones, 

Leptaena  depressa, 
Orthis  resupinata, 
Terebratula  reticularis. 

We  have  not  had  the  good  fortune,  personally,  to  see  Spirifer  Urii  in 
so  low  a  position.  S.  arenosus  is  a  characteristic  species  of  the  Oriskany 
sandstone.  Terebratula  reticularis  is  a  species  which  passes  from  the  Clin- 
ton to  the  Chemung  group,  and  is  worthless,  simply  as  a  species,  in  identi- 
fying strata.  Leptana  depressa  passes  from  lower  Silurian  beds  to  the 
cormferous  limestone  inclusive,  and  must  stand  in  the  same  category  with 
the  preceding.  Orthis  resupinata  can  be  of  no  value  till  its  character  or 
geological  range  is  defined  ;  and  we  are  thus  reduced  to  a  single  identical 
species. 

We  would  ask,  whether  all  those 'remarkable  forms  from  the  Schoharie 
grit,  so  much  like  those  of  the  lower  Ludlow,  and  numerous  others  of  the 
comiferous  limestone,  equally  peculiar  and  characteristic,  are  to  pass  un- 
noticed, as  of  no  value  in  the  determination  of  strata,  while  a  few  forms, 
whose  geological  range  is  indefinite,  are  made  to  decide  the  question  of 
parallelism  ? 

In  the  Marcellus  shale,  Hamilton  group,  Tully  limestone,  and  Genessec 
slate,  Mr.  Sharpe  identifies  the  following  species  as  European : 

ATicula  Boydii.  Spirifer  Uriu 

■  quadrula.  macronotus* 

Athyrls  concentrica*  Productus  fhigaria  ? 

■    —  lamellosa.  scabriculua  ? 

Orthis  Michelini.*  Terebratula  reticularis* 

■■   eximia  ?  aspera. 


—  opercularis.  borealis. 


Strophomena  Sharpei.  »  nucula  7 

Orthoceras  artlculatum  7 

In  the  Chemung  group,  the  same  author  recognizes  as  European  species.' 

Avicula  Boydii.  Productus  plicatilis  7 

■  ■"■-  Datnuoniensis t  ■  -■■    ■  fragaria 7 

Athyris  ooncentrica»  Terebratula  reticularis. 

Strophomena  umbraculum  7  aspera. 

Spirifer  Urii.  <    ■■'  -  borealis. 
aperturatus.  nucula  7 


i 


*  OrtAi*  MicMini  do«s  not  occ\ir  m  XYi«  BslTs^W^xi  ^twr^  qC  K«w  York. 
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be  whole  number  of  species  being  twenty-one,  of  which  eight  are  douht- 

identified,  and  one  (0.  Mich^ini)  not  identified  ;  and  from  the  nimi- 
remaining  we  may  subtract  Terebratula  reticularis^  for  reasons  before 
n.  With  this  evidence  alone,  we  do  not  consider  that  the  paralleUsm 
be  groups  enumerated  with  those  of  England  can  be  regarded  as  posi^ 
y  established  ;  for  we  believe  that  a  complete  collection  of  our  fossils 
I  the  lower  members  of  this  division  would  offer  stronger  proof  of  their 
tity  with  the  Ludlow  rocks.  It  is  probable,  however,  that  there  are 
r  circumstances,  of  which  we  are  ignorant,  which  led  Mr.  Sharpe  to 
conclusion ;  for,  upon  similar  grounds,  we  have  a  right  to  conclude  that 
L*udJ[pw  and  Devonian  rocks  of  England  are  equivalent,  since  they  con- 
fully  an  equal  number  of  identical  species.  If  such  a^  group  as  the 
low,  divisible  into  upper  and  lower,  separated  by  a  limestone  like  the 
lestry  limestone,  does  exist  as  distinct  from  the  Devonian  system,  it 
mts  a  remarkable  anomaly  in  the  series,  in  containing  so  many  species 
h  are  identical  with,  and  so  many  which  are  similar  to,  those  of  the 
Dnian  system. 

should  be  observed  that  the  species  cited  by  Mr.  Sharpe  are,  with  one 
ption,  from  the  Hamilton  and  Chemung  groups,  and  that  at  least  seven 
le  number  are  of  those  which  pass  from  one  group  into  the  other.  The 
ber,  all  together,  is  less  than  one-twentieth  of  the  whole;  and  the  other 
:een-twentieths,  which  are  the  most  characteristic  of  the  group,  are  not 
n  into  consideration  in  the  comparison. 

le  arguments  of  M.  de  Verneuil,  in  favor  of  placing  all  these  groups  in 
llelism  with  the  Devonian  of  Europe,  are  certainly  very  satisfactory, 

we  have  once  admitted  the  principles  advanced  in  the  outset ;  but,  at 
ame  time,  it  appears  that  the  question  of  the  Ludlow  series  is  left  un- 
*mined.  They  have,  in  England,  a  group  of  shales  and  flags  with  earthy 
jtone — a  limestone  of  importance — and  this  again  succeeded  by  soft, 
ceous,  thin-bedded,  greenish-grey  sandstones,  the  whole  having  a 
cness  of  two  thousand  feet,  which  it  seems  difficult  to  recooTiize,  even 
bie  continent  of  Europe. 

lis  author  regards  it  as  incontestible,  that  the  red  {sandstone  of  the 
kill  mountains  is  upon  the  same  horizon  as  the  old  red  sandstone  of 
land  and  Wales ;  that  the  Chemung,  and  Portage  groups,  the  Genes- 
late,  the  Tully  limestone  and  Hamilton  group  represent  the  series  of 
Eifel,  and  of  Devonshire ;  and  that  the  Marcellus  shales  are  equivalent 
lose  of  Wissenbach,  in  the  Duchy  of  Nassau.  The  Onondaga  and 
iferous  limestones,  he  plac.es  in  the  same  horizon  as  the  inferior  pkrt  of 
Sifel  and  the  Harz  ;  while  the  Oriskany  sandstone  is  regarded  by  him 
[uivalent  to  the  fossiliferous  schists  upon  the  borders  of  the  Rhine, 
jwing  the  views  of  this  author,  the  presence  of  the  genera  ProductuSy 
latitesjjfautilus,  PeniremiteSy  and  the  larger  ganoid  fishes,  like  Astero^ 

and  HolaptychiuSy  constitute  characters  which  are  unmistakably  Devo- 

We  are  not  aware  of  the  appearance  of  Productus  and  Pentremi- 

before  the  period  of  the  corniferous  limestone ;  Goniatites  and  JVaw- 

follow  in  the  Marcellus  shales ;  while  the  first  fish,  of  the  character 
ified,  is  found  in  the  Schoharie  grit.     Following  this  view,  we  have, 

the  corniferous  limestone  onward,  the  combination  of  types  required 
laracterize  the  Devonian  system ;  that  is  to  say, — we  have  a  single  spe- 
of  Pentremites  and  one  of  Productus^  in  the  corniferous  limestone ; 
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and  two  of  the  latter  and  ivfo  of  the  former  in  the  Bamilton  grotip, 
where  they  are  associated  with  Goniatites, 

Leaving,  for  the  present,  any  criticism  upon  the  z5oIogicaI  value  of  these 
types,  we  would  merely  remark  that  the  advent  of  Productus  aind  Penlremr 
ties  is  what  might  have  been  anticipated,  and  is  only  another  stage  in  the 
developement  of  types  existing  in  the  Silurian  period.  Of  JSTaidilus  and 
Goniaittesy  we  have,  at  present,  less  positive  information ;  but  it  seems  to 
us  that  the  peculiar  Cephalopods,  at  the  base  of  the  upper  Helderberg,  arc 
a  link  in  the  series,  which  it  is  necessarv  to  consider  before  introducing  the 
Goniatites, 

The  rocks,  from  the  Oriskany  sandstone  upwards,  form  three  very  natu- 
ral physical  grojips,  which,  to  a  greater  or  less  degree,  are  marked  by  their 
peculiar  fossils.  These  physical  groups  would  give  the  Helderberg  lime- 
stone as  the  lowest ;  the  Hamilton  group,  including  the  Marcellus  and 
Genessee  shales,  for  the  second  ;  and  Sbe  Chemung,  including  the  Portage 
group  as  an  enormous  development  of  beds  of  passage,  for  the  third. 

The  American  fossils,  recognized  by  de  Vemeuil  as  identical  with  Euro- 
pean species,  are  : 


Holoptychius  nobilUsimus. 
Dendrodus,  teeth  of. 
Asterolepis. 

Phacops  macrophthalmus. 
Gryphaeus  calliteles. 
Qoniatites  retrorsus. 
BellerophoD  striatus. 
Hurchisonia  bilineata. 
Chemnitzia  nexills. 
Avicula  Damnonienaifl. 
Pterinea  fasciulata. 
Modiola  squamifera. 
Inoceramus  chemungensis. 
Cardium  loricatiun. 
Lucina  proavia. 

rugosa. 

Grammysia  hamlltonensis. 
Sanguinolaria  dorsata. 
Terebratola  cuboides. 


Terebr&tula  reticularis. 

aspera. 

■  concentrica. 
Spirifer  mucronatus. 

macropteroB. 

-  cultrvjugatua. 

■  ■■     beteroclittts. 

Yerneuili. 

Orthis  striatula. 

iimbonata. 

crenistria. 

Leptsena  depress*. 

Dutertrii. 

laticosta.        • 

Ghonetes  nana. 
Productus  subacnleatns. 
Favosites  gothlandica. 
Pontes  interstincta. 
Stromatopora  concentrica. 
Plenrodyctium  problematicom. 


The  giieater  part  of  these  species  have  been  recognized  on  the  continent 
of  !Europe,  and  among  them  are  only  four  or  five  which  are  included  in 
the  lists  given  by  Mr.  Sharpe.  Still,  it  does  not  appear  to  us  that  the  Scho- 
harie grit,  the  Onondaga  and  the  corniferous  limestones  are  equally  well 
represented  with  the  groups  above  them.  The  fossils  cited  from  the  Scho- 
harie grit  are  a  species  of  Asterolepis?  Calymene  Blumenbachii ?  Pha-^ 
cops  macrophihalmtcs  and  Modiola  squamifera  ?  Of  these  C  Blumenbachii 
is  a  distinct  species  peculiar  to  this  rock,  the  C  platys  of  Greene  already 
alluded  to ;  the  Phacops  is  not  P.  macrophthalmus,  but  a  very  distinct  spe- 
cies, having  a  row  of  spmes  along  the  axis ;  so  that  certainly  no  more  than 
two  species  are  identified. 
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The  species  of  the  Onondaga  and  comiferous  limestones  are : 

Phacopa  macrophtbalmus. .  Terebratula  concentric*. 

Bellerophon  striatus.  Spirifer  macronatus. 

Chemnitzia  nexilis.  cultrijugatug. 

Marchisonia  bilineatni.  — ^  heteroclites. 

Lacina  proavia.  Leptsena  depressa. 

.  rngoaa.  Gatenipora  escharoidea. 

Terebratula  roticalarin.  Stromatopora  concentrica. 
■  aspera. 

From  this  list  we  exclude  the  two  last  entirely,  since  they  are  not  known 
these  beds ;  and,  if  occurring,  they  would  prove  nothing,  since  they  are 
urian  species.  Terebratula  reticularis  and  Leptana  depressa  are  also 
urian  species,  and  of  little  value  for  the  purposes  of  identification.  PAa- 
)s  macrophthalmtis  is  equally  common  in  the  Hamilton  group  ;  and  CAe- 
utzia  nexilis,  Terebratula  aspera,  T.  concentrica  and  Spirifer  mucrO' 
tusy  are  comparatively  very  rare  in  these  limestones,  and  only  reach  their 
iximum  in  the  Hamilton  group.  Therefore,  we  must  still  regard  these 
ree  calcareous  deposits  as  but  meagrely  represented  in  the  Devonian  sys- 
n  on  the  other  side  of  the  Atlantic.  In  fact,  we  are  unable  to  see,  after 
,  any  greater  similarity  to  the  Devonian  than  they  have  to  the  Ludlow 
•ies ;  and  the  number  of  species  here  cited  from  these  two  members  of  the 
per  Helderberg,  which  pass  upwards  into  the  Hamilton  group,  is  not  so 
?at  as  the  number  of  Ludlow  species  which  rise  into  the  Devoman  of  Eng- 
id,  according  to  the  authorities  here  cited. 

We  perceive  here,  as  in  the  lists  cited  from  the  memoir  of  Mr.  Sharpe, 
it  there  are  comparatively  very  few  Devonian  species  below  the  Ham- 
on  group,  and  that  these  are  by  no  means  characteristic  forms.  Although 
;  admit  the  conclusions  of  M.  de  Vemeuil  in  general,  yet  we  are  still  una- 
j  to  appreciate  the  evidence  which  would  place  all  these  deposits  in  par- 
elism  with  the  Devonian  of  Europe. 
In  a  westerly  direction,  the  upper  Helderberg  group,  composed  chiefly 

the  Onondaga  and  corniferous  limestones,  is  contmuous  as  far  as  the  Mis- 
sippi  river.     Of  the  sedimentary  formations  succeeding  these,  all  have 
appeared  save  a  black  shale,   which  may  be  a  representation   of  the 
messee  slate  of  New  York,  but  which  holds  the  place  of  the  Marcellun 
ale,  resting  directly  upon  the  comiferous  limestone. 
The  green  shales  and  yellow  sandstones  of  Ohio  and  Indiana,  which  sue 
»d  this  black  shale,  have  been  recognized  as  carboniferous  by  their  fossils, 
Qugh  there  is  still  some  doubt  whether  the  lower  part  may  not  represen 
e  Chemung  group  of  New  York;  at  least  their  connection  with  the  groups 
low  has  not  been  fully  shown.     In  these  states,  therefore,  the  equivalent 

the  Devonian  of  Europe  is  to  be  found  in  these  limestones  and  the  black 
ale  immediately  overlying  them.  This  limestone  is  more  uniform  in  its 
aracter  than  perhaps  any  other  of  the  groups,  and  it  is  everywhere 
irked  by  numerous  characteristic  fossils.  On  the  Mississippi  river,  we  find 
at  the  shales  and  sandstones  between  this  group  and  the  great  carboni- 
rous  limestone  have  entirely  thinned  out,  leaving  the  latter  rock  resting 
rectly  upon  the  limestones  of  the  upper  Helderberg. 

The  contrast  between  the  divisions  of  this  period,  at  the  East  and  the 
Jest,  will  be  made  more  intelligible  by  a  tabular  eomi^^raoii* 
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Black  Slate  of  the  West. 


Shales  and  sandstones  op  the  Catskill  mountains 

Chemung  group. 

Portage  group. 

Genessee  slate.        ] 

tully  limestone. 

Hamilton  series. 

Marcellus  shale. 


V  Hamilton  group. 


Upper  Helderberg  Series^  including 

CoRNiPEROus  limestone     1  ^^^^  Hmestone  and  upper  coralline  limestone, 
r\  .  'I      (upper  part  of  cliflF  limestone),  continuous 

Onondaga  limestone,         r     ^  -Kl  ^i.    r\       i  j       ^  -V  r 

Schoharip  grit  I      ^^^^  *^^  Onondaga  and    cormferous  Iimc- 

&CHOHARIE  GRIT.  j        ^^^^^^  ^^  ^^^  York. 

Before  concluding  our  remarks  upon  the  parallelism  of  these  several 
groups  with  the  Devonian  system  of  Europe,  we  will  examine,  for  one  mo- 
ment, the  zoological  evidence.  The  occurrence  of  Productus^  Pentrmi- 
teSy  J^autilusy  Ganiatites  emd  the  scales  of  ganoid  fishes  are  regarded  as 
showing  the  parallelism  of  these  deposits  with  those  of  Europe.  In  the 
first  place,  ProductuSy  as  now  restricted,  includes  Brachiopods  of  a  pecu- 
liar type,  not  known  before  the  period  of  the  Helderberg  rocks.  Leptana, 
which,  till  recently,  has  been  included  in  the  same  genus,  is  the  earliest 
representation  of  the  type ;  Chonetes  is  another  form,  coming  in  only  at 
the  upper  Silurian  period,  and  at  about  the  same  time  Strophodonkf 
both  forms  making  a  nearer  approach  to  Productus  proper  y  and,  after  the 
lapse  of  these  periods,  the  genus  appears  precisely  in  accordance  with  a 
law  which  has  operated  upon  all  the  types  from  the  beginning.  Peniremi- 
teSy  as  now  constituted,  includes  some  four  or  five  distinct  genera ;  but  the 
type  of  this  genus  appears  in  upper  Silurian  rocks.  This  genus,  like  Pro- 
ductusy  is  par  exceUencCy  a  carboniferous  form ;  both  appearing  in  small 
numbers  and  with  few  species  during  the  Devonian  period.  The  GoniatUes 
appear,  for  the  first  time,  in  the  Marcellus  shales,  associated  with  a  nauti- 
loid  form,  the  Discites  of  M'Coy  ?  In  the  black  shale  of  the  West,  other 
species  of  Goniatites  occur. 

Now,  as  all  these  genera,  in  their  most  perfect  development,  are  the  ac- 
knowledged types  01  the  carboniferous  period,  the  inquiry  naturally  sug- 
gests itself,  whether,  at  any  point  of  time,  or  at  any  horizon  in  the  series 
of  deposits  after  the  appearance  of  these  genera,  we  can  draw  the  limit  be- 
tween Devonian  and  carboniferous.  If  the  advent  of  these  forms  is  of  im- 
portance enough  to  be  regarded  as  the  commencement  of  a  system,  we  can 
conceive  of  no  law,  in  the  progress  of  these  developments,  which  will  per- 
mit us  to  draw  any  line  separating  the  strata  in  which  they  predominate  in- 
to two  systems.  If  they  are  important,  when  occurring  m  small  numbers, 
as  characterizing  the  Devonian  system,  they  are  certainly  as  important  when 
they  become  developed  in  greater  numbers  and  more  perfect  forms.  We 
have  a  right  to  contend,  therefore,  for  the  existence  of  the  cs^rboniferous 
system  at  any  point  where  we  can  find  a  continuation  of  the  genera  Per^ 
tremiteSy  ProductuSy  Goniatites  {Cyrtoceras^  Discites)y  J{a\Uilus^  and  the 
ganoid  £sbes.    I  contend  tliat  tiu^  is  \]li^  \e^\kc^\.^  ^quO^>^<^tl^  ^\  ^\s^  the 
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carboniferous  system  is  subordinate  to  the  Devonian.  We  characterize 
Devonian  rocks  by  the  presence  of  these  fossils  ;  how  shall  we  character- 
ize the  lower  members  of  the  carboniferous,  except  bjr  the  same  genera  ? 
If  we  decide  that  certain  species,  or  certain  peculiarities  of  species,  imply 
the  existence  of  the  carboniferous,  are  we  not  making  it  a  subordinate  sys- 
tem or  group,  since  it  is  by  these  characters  that  we  everywhere  distinguish 
our  subordinate  groups  ?  If  we  would  establish  groups  or  systems  on  zoo- 
logical characters,  then  we  are  bound  to  maintain  the  principle  with  which 
we  set  out.  It  appears  to  me  that  we  have  regarded  certain  systems  as  es- 
tablished, and  their  limits  as  fixed,  more  from  habit  than  from  any  express- 
ed principle  ;  and  that  we  consider  a  certain  association  of  species  even  of 
more  importance  than  the  advent  of  new  types. 

I  have  already  shown  that  many  of  the  Ludlow  species  of  Murchison  are 
very  similar  to,  and  others  identical  with,  species  from  our  higher  groups ; 
and  this  similarity  might  even  be  traced  much  farther.  It  is  true,  moreover, 
that,  in  the  "  Palaeozoic  Fossils  of  Devonshire,''  a  number  of  Ludlow  fos- 
sils are  cited,  equal  in  number  and  importance  to  those  cited  from  Amer- 
ican rocks,  to  prove  their  identity  with  the  Devonian  of  England.  In  the 
paper  of  M.  de  Verneuil,  a  larger  number  of  species^  and  some  of  them  of 
more  important  forms  are  cited  ;  but  we  still  find  the  serious  objection 
which  we  have  just  mentioned. 

This  would  be  made  more  apparent  if  we  were  to  compare  more  fullv 
our  species  with  European  forms.  We  will  take,  for  example,  the  Marcef- 
lus  shale,  in  which  we  have  a  beautiful  group  of  Cephalopoda.  Among 
them  we  have  a  species  undistinguishable  from  the  Discites  planotergatus 
of  M'Coy,  a  carboniferous  fossil.  Associated  with  tliis  are  forms  very 
similar  to  Discites  castellatus^  Temnocheilus  coronatus^  and  Goniatites 
spfuerotdalisy  with  Orthoceratites  &c.,  of  the  same  author,  and  all  from 
the  same  member.  Now,  even  admitting  that  they  are  only  similar  species, 
and  not  positively  identical,  still  it  seems  to  us  that  this  is  too  remarkable 
a  combination  to  admit  of  the  rocks  in  which  they  occur  being  very  widely 
separated  in  point  of  time.  Animals  of  this  class  have  not  often  lived 
through  more  than  a  single  growth,  and,  so  far  as  we  know,  in  our  palaeo- 
zoic series,  are  very  reliable  guides.* 

In  the  Hamilton  group  we  have  a  Pintremites  of  the  form  of  P.  flarealesy 
a  carboniferous  fossu.  We  might  mention  a  considerable  number  of  Aceph- 
ala,  in  the  same  group,  having  close  relations  with  carboniferous  forms  of 
Europe.  We  have,  in  the  Chemung  group,  numerous  species  of  Pecten  and 
close^'  allied  genera,  which  are  scarcely  distinguishable  from  those  of  the 
carboniferous  period  of  Europe.  The  Holoptychius  is  rather  a  carboni- 
ferous than  a  Devonian  type,  though  H.  nobilissimus  belongs  to  the  latter 

system.! 

In  the  black  shale  of  Rockford,  Indiana,  a  few  feet  above  the  cornife- 
rous  limestone,  the  Goniatites  rotatorius  and  G.  prtnceps  have  been  found. 
These  are  carboniferous  species  of  Europe,  and  indicate  to  us  the  same  ho- 
rizon in  America.     What  arguments  shall  we  offer  in  explanation  of  these 

•  Brachlopoda  have  been  the  most  enduring  forms,  and  have  often  passed  throagh  seve- 
ral geological  divisions.  Acephala  appear  to  be  next  in  the  order  of  persistence ;  and  after 
them  the  Gasteropoda,  while  the  Crinoida  have  rarely  lived  beyond  the  group  in  which 
they  first  appear. 

t  I  might  here  mention  the  fact,  that  Prof.  Agassiz  informed  me,  a  few  months  since,  he 
had  seen,  from  the  limestone  of  Columbus,  Ohio,  (comifferous  limestone,)  the  tooth  of  « 
lisb,  which  he  had  heretofore  ngvded  as  being  a  carboiiifQioxui  i^ii\)A% 
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facts,  but  that,  in  the  carboniferous  system  of  Europe,  have  been  mduded, 
not  only  types  and  genera,  but  even  species  which  began  their  existence  at 
about  the  period  of  our  Marcellus  shale  ?  How  shall  we  be  able  to  bring 
these  deposits  into  parallelism,  without  bringing  down  the  Jimits  of  the 
carboniferous  to  this  horizon  ? 

We  have  already,  as  we  think,  given  sufficient  evidence  in  the  number  of 
identical  fossils,  to  show  the  equivalency  of  certain  of  our  divisions,  as  far 
as  the  lower  Helderberff  limestones,  which  we  place  in  parallelism  with 
the  Wenlock  shales.  We  cannot  agree  with  M.  de  Verneuil  in  placing 
them  in  parallelism  with  the  Ludlow,  for  we  have  scarcely  a  single  identi- 
cal species  of  any  importance,  nor  even  analoTOus  types.  Leaving  out  of 
consideration  the  Oriskany  sandstone  and  Cauda-galli  grit,  we  feel  ^sposed 
to  regard  the  Schoharie  grit  as  possessing  z5ologicaI  features  more  in  ac* 
cordance  with  those  of  the  lower  Ludlow  series  than  any  other  rock  in 
our  classification,  and  we  shall  thus  place  it  for  the  present. 

In  reference  to  the  identity  of  groups  above  the  lower  Helderbei^  series, 
it  is  impossible  to  place  our  rocks  in  any  distinct  parallelism  with  those  of 
Europe ;  since  the  published  works  of  European  writers  represent  a  gradual 
passage  of  one  system  into  another,  and  a  want  of  well-defined  limits, 
either  by  physical  or  zoological  characters. 

It  should  not,  however,  be  understood  from  this,  that  the  equivalents  of 
the  European  systems  do  not  exist  with  us.  What  we  would  say  is  this: 
that,  so  long  as  the  Ludlow  group  and  its  subdivisions  are  maintained,  to- 
gether with  a  Devonian  and.  a  carboniferous  system  and  their  subdivisions, 
we  can  never  reconcile  our  series  with  those  of  Great  Britain  or  the  conti- 
nent of  Europe.  If  those  divisions  and  subdivisions  do  not  exist,  and  the 
identification  of  the  groups  above  this  with  the  Devonian  system  be  sus- 
tained, then  we  have  an  important  hiatus  to  fill  above  the  lower  Helder- 
berg  limestone,  which  is  unquestionably  the  place  of  the  I^udlow  deposit. 
Should  we  ever  be  able  to  fill  this  gap,  we  are  but  at  the  commencement  of 
the  difficulty.  In  the  first  place,  we  find  in  the  Schoharie  grit,  as  already 
cited,  numerous  forms  closely  resembling  those  of  the  Ludlow  beds.  In  the 
Hamilton  group  we  find  others,  of  which  the  bivalves  resemble,  or  are  iden- 
tical with  those  of  the  upper  Ludlow.  The  numerous  species  of  obliquely- 
cingulated  shells,  such  as  are  figured  in  the  geological  survey  of  Great 
Britain,  (Vol.  II.  Part  I.,  Plates  17  and  18,  together  with  such  forms  as  are 
repiesented  on  Plates  19,  20,  21,  22  and  23,)  are  not  to  be  found  in  our 
series,  except  in  the  Hamilton  group  and  the  associated  strata. 

We  have  therefore  to  reconcue  in  some  way  all  these  apparent  discrepan- 
cies and  real  difficulties,  before  we  can  proceed  one  step  beyond  the  lower 
Helderberg  limestones.  It  is  true,  that,  in  the  sandstone  of  the  Catskill 
mountains,  we  have  the  remains  of  Holoptychius  Dendrodus  and  other 
fishes  of  Devonian  types  ;  and,  as  already  remarked,  the  higher  groups  cor- 
respond with  the  Devonian  of  Europe  ;  thus,  were  it  not  for  the  pre^^ous 
difficulty  in  recognizing  the  Ludlow  series,  together  with  another  which 
now  appears,  we  could  feel  some  security  in  the  conclusion  that  this  part  of 
our  series  corresponds  to  the  Devonian  of  Europe.  But  here  we  are  met  by 
the  difficulty  of  accounting  for  carboniferous  types  which,  according  to  the 

E resent  views  of  palaeontologists,  disappear  here ;  and  not  only  the  types, 
ut  numerous  identical  species. 

I  have  already  given  a  list  of  species  which  are  recognized  by  Professor 
PbilUps  as  conuQOi)  to  the  Ludlow  andD^NOnSai^  beds  \  and  when  we  exaio- 
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me  farther  among  published  species,  yve  find  numerous  Devonian  tjrpes  among 
the  carboniferous  strata,  as  shown  by  the  list  given  below,  which  is  only  from 
a  single  work. 

Devonian  fossils  cited  by  M^Coy  in  his  Synovsis  of  the  Carboniferous 
fossils  of  Ireland.  (The  names  are  principally  those  given  in  Phillips's 
"  Palaeozoic  Fossils.") 


Orthoceras  laterale. 
GoniatiteB  excavatus. 

spiralis. 

Cljrmenia  plurisepta. 

'    sagittalis. 
*Naatilas  sabsulcatns. 
BeUerophon  wenlockensis. 
Loxonema  tumida. 
Eaomphalas  serpens. 
Acroculia  carinat^. 

sigmoidalls. 

yetusta. 

Sangmnolaria  lirata. 
Pleoroiynchus  minaz. 
Cypricard^  deltoidea. 
Cucullea  angusta. 
■  oomplanata* 

.■   Haidingeri. 

t* trapezium. 

• unilateralis. 

'fLeptffina  sordida. 
Orthis  arachnoidea. 

. arcnata. 

compressa.  (S.  D  h  C.) 

t* crenistria. 


f- 


granulosa. 

—  interlineata* 
fbngisulcata. 
orbicularis.  (S*) 
parallella. 
resupinata. 
semiciroularis. 

-  tenuistriata. 


Spirifcr  apertnratus. 

♦f *  calcaratus. 

I  crispus.  (S  h  G.) 

♦f disjunctus 

• extensus. 

!•- giganteus. 


grandsevus. 
inomatus* 
megalobus. 
meiomalas« 


Kucula  lineata. 
Modiola  amygdalina. 
j'Posidoina  Becberi. 

t* lateralis. 

t* tuberculatuB. 

Pecten  aracbnoides. 

gianulosus. 

poljrtrycbus. 

t* transversus. 

Producta  caperata. 

— fragaria. 

laxispina. 

membranacea. 

*Leptsna  depressa.  (S>  D  &  C.) 

nodulosa. 

convoluta. 

bardrensis. 

lata  ?  (S.) 

f  • plicata. 


interstrialis 


Atrypa  anisodonta. 
•*  ■  oblonga. 


•  _ 


squamosa. 

fallax. 

indentata. 


Terebratula  bifera. 

■  ■        canalis. 

I      compta. 
t*  desquamata. 

■  ■■       ferita. 

■  '  insperata 
•f —  juvenls* 


laticostata. 
romboidca. 


Galymene  granulata. 
la&vis. 
■  Latreillii. 

Adelocrinns  bistix* 
Pentremitcs  florealis 
PlatjTcrjmus  intcrscapularis* 
Isocrinus  macrodactylu8« 
Cjatbocrinus  ellipticutt* 
— —  goometricua. 
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•Spirifer  piilcbellns. 

CyatbocriBUS  megastvlufi. 

rudis. 

pinnatos. 

'  ostiolatus. 

variabilis. 

t* nudus. 

Actinocrinus  tenuistriatus. 

Amplexus  nodulosus. 
tortuosns. 

t* subconicuB. 

Turbinlopsis  bina.  (S. 
celtica. 

♦f plebius. 

t'Astrea  pentagona. 

•fAtrypa  decussata. 

S>TiBgopora  bifbrcata 

• bispida. 

Manon  cribrosum. 

•f- angularis. 

Pleurodictyum  problematicum. 

• lachryma.  (S.) 

Favosites  fibrosa.  (S.) 

Favosites  polymorpba.  (S.) 

gotblandica. 

t'Canuopora  placenta. 

Gorgonia  assimilis.  (S.) 

t'Stromatopora  polymorpba. 

Glauconome  bipinnata. 

Verticillopora  abnormis.  (S,) 

Ptylopora  flostriformiy. 

Millepora  gracilis. 

**Fenestella  antiqua. 

similis. 

laxa* 

Hemitrypa  oculata. 

Species  thus  marked  (^  are  from  those  described  in  Sedgwick  and  Mur- 
chison' 
Devonshire, 

were  first  d ^ j ^ , 

and  also  recognized  by  Phillips  in  his  "  Palaeozoic  Fossils."  S,  D,  and  C, 
or  either  of  these  letters,  denote  that  the  species  belong  also  to  the  Silu- 
rian, Devonian  or  Carboniferous. 

The  entire  number  of  Devonian  species,  here  recognized  as  passing  up- 
wards into  carboniterous  strata,  is  one  hundred  and  twenty-five.  This  is 
nearly  half  of  the  whole  number  published  by  Professor  Phillips  in  his 
"  Palaeozoic  Fossils  of  Devonshire  and  Cornwall.''  Of  the  entire  number, 
however,  eleven  are  species  published  in  the  paper  of  Sedgwick  and  Mur- 
chison  before  cited,  and  which  are  not  included  in  the  work  of  Professor 
Phillips.  If  we  now  take  from  the  remaining  Devonian  fossils,  th?  Ludlow 
and. other  Silurian  species,  the  list  is  still  further  reduced  by  some  twenty 
species ;  thus  more  than  one-half  the  number  of  fossils  described  in  thtt 
above-mentioned  work  of  Professor  Phillips,  are  found  to  occur  in  Silurian 
and  carboniferous  strata ;  and  the  small  number  of  restricted  species  reduces 
the  importance  of  the  system  to  the  value  of  some  of  our  subordinate 
groups. 

Let  us  next  compare  the  proportion  of  so-called  Devonian  species  in  the 
"  Synopsis  of  the  Carboniferous  fossils  of  Ireland."  This  work  embraces 
descriptions  of  about  nine  hundred  species,  of  which,  as  just  remarked,  one 
hundred  and  twenty-five  have  been  recognized  in  Devonian  and  older  de- 
posits. This  gives,  of  the  whole  number  of  species,  between  thirteen  and 
fourteen  per  cent,  as  belonging  to  the  older  divisions.  In  the  ^rachiopoda 
of  the  work  there  is  a  still  larger  proportion,  or  sixty-three  species,  which 
is  about  twenty-six  per  cent,  of  the  whole,  chiefly  in  the  Devonian  system. 
Among  the  corals  there  are  twenty-four  species,  or  about  twenty-three  per 
cent  of  the  whole  ]  and  among  the  CTmov4a>  ten  ^^c\fts^  or  about  twenty 
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per  cent,  ol  Devonian  and  Silurian  species.  This  last  fact  is  of  high  im- 
portance ;  since,  of  all  our  fossils,  the  Crinoids  are  among  those  which  are 
the  most  restricted  in  their  range. 

The  proportion  of  species  here  represented,  as  passing  from  Devonian  to 
carbonfierous,  is  so  enormously  great,  that  we  find  no  parallel  to  it  in  any 
preceding  period.     It  is  even  nearly  twenty  times  greater  than  the  propor- 
tion of  lower  Silurian  species  now  known  in  the  upper  Silurian  groups  of 
North  America,  and  in  the  same  proportion  more  than  are  common  to  the 
two  divisions  of  the  upper  Silurian.     We  are  even  prepared  to  say,  that  the 
subordinate  members  of  the  Hamilton  group  do  not  present  an  equal  num- 
ber of  species  passing  from  one  to  the  other.     We  will  go  further  and  say, 
that,  if  the  Hamilton  group,  as  it  exists  in  the  State  of  New  York,  were 
broken  up,  and  a  space  twenty-five  miles  in  width  to  the  east  of  Cayuga 
lake  were  metamorphosed  so  as  to  obliterate  the  fossils,  the  eastern  and  wes- 
tern portions  would  scarcely  present  an  equal  proportion  of  identical  fossils, 
with  the  Devonian  and  carboniferous  systems  of  Europe,  as  shown  in  the 
works  above  cited.     If,  therefore,  physical  conditions  have  wrought  out 
such  changes  in  the  fauna  of  a  particular  period,  in  the  space  of  three  hun- 
dred miles,  in  what  we  know  to  be  a  contmuous  formation,  we  are  certainly 
warranted  in  believing  that  changes  as  great  as  these  may  have  occurred 
elsewhere.* 

The  arenaceous  and  argillaceous  deposits,  which  we  trace  uninterruptedly 
over  so  wide  an  area,  and  which  present  to  us  such  gradual  and  almost  im- 
perceptible changes  in  the  fauna  when  studied  continuously,  would,  if  bro- 
ken up  and  isolated  so  that  they  could  not  be  traced  consecutively,  present 
the  same  phases  which  are  exhibited  by  the  systems  in  Europe  to  which  they 
are  related. 

From  all  these  facts  there  seems  to  be  but  one  conclusion,  and  that  is, 
in  the  British  islands  particularly,  either  there  are  remarkable  exceptions 
to  the  general  law  in  the  continuation  of  species  from  one  to  another, 
or  that  there  is  no  foundation  for  a  distinction  between  the  Devonian  and 
carboniferous  systems. 

We  are  quite  aware  of  the  objections  which  may  be  oifered  to  these  argu- 
ments ;  but,  before  we  can  admit  them,  we  must  inquire  on  what  principle 
have  the  systems  of  our  palaeozoic  strata  been  established  ?  We  hailed  with 
gladness  the  promulgation  of  the  "  Silurian  System,*'  which  developed  from 

*  Referring  to  the  paper  of  Mr.  Sharpe  before  alluded  to,  we  find  the  greater  part  of  the  spe- 
cies cited  from  the  pamilton  and  Chemung  groups  to  be  Brachiopoda,  which,  particularly  in 
the  Hamilton  group,  occur  in  the  western  division,  while  they  are  few  and  comparatively  rare, 
in  the  eastern  part  of  the  State  of  New  York.  Of  the  list  of  species  from  this  group,  I  find 
Avieida  Boydii,  A,  quadrula,  Atrypa  nucnla  and  Orthoeeras  articulatum,  (one-fourth  Of  the 
whole)  identical  with  Ludlow  species.  The  Avicula  and  other  Lamellibranchiata  are  abun. 
dant  in  the  Hamilton  group  in  the  eastern  part  of  the  State  of  New  York,  and  compara- 
tively rare  in  the  western  part.  Now  in  Mr.  Sharpens  table  of  species  common  to  the  two 
countries,  we  find  among  the  Lamellibranchiata,  Avicula,  of  which  there  are  seventeen  spe- 
cies in  Mr.  Lyeirs  collection :  of  these,  fourteen  are  placed  under  the  head  of  Devonian,  and 
recognized  as  identical  with  European  species  there  occnring,  while  two  of  these  are  Ludlow 
species.  Again,  under  Cypricardia,  there  are  nine  species  in  the  collection,  of  which  one  is 
recognized  as  identical  with  a  European  species.  Under  the  head  of  sundry  genera,  we  find, 
in  the  same  list,  twenty-five  species  indicated  as  contained  in  the  collection,  of  which  not 
one  is  recognized  as  European.  These  twcnty-five  species  are  Lamellibranchiata,  from  the 
eastern  part  of  the  Hamilton  group,  and  are  of  those  very  characteristic  forms  before  noticed, 
which  have  a  greater  analogy  with  fossils  of  the  Ludlow  rocks  than  with  any  other.  It  is 
worthy  of  notice,  that  of  forty-eight  species  of  this  family,  placed  by  Mr.  Sharpe  und«r  the 
head  of  the  Devonian  system,  four  only  have  been  recognized  as  identical  with  European 
species  I  and  of  these  four,  two  A'om  the  Hamilton  group  axQ  \iQ.u\AR.«\  m^^  \j?x^^^v^>s»^% 
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chaos  and  uncertainty  that  beautifiil  system,  marked  both  by  phyacal  and 
zoological  characters.  The  Devonian  system  came  to  us  far  less  distinctly 
marked  either  by  its  physical  or  zoological  features ;  for,  on  the  one  side  it 
M^as  clearly  and  unequivocally  related  to  the  Ludlow  rocks  of  the  Silurian 
system ;  and,  on  the  other,  as  intimately  connected  with  the  carboniferous, 
by  its  zoological  characters. 

In  the  great  development  of  strata  holding  this  place  in  the  series,  we 
still  find  these  characteristics.  If  what  has  been  published  in  Europe  as 
carboniferous,  belongs  really  to  that  system,  we  can  come  to  no  other  con- 
clusion than  that  above  indicated ;  for,  in  our  imdisturbed  and  continuous 
series,  the  order  of  succession  is  most  clearly  understood.  In  view  of  the 
facts  which  we  have  cited,  we  are  unwilling  to  regard  the  question  of  par- 
allelism as  decided,  and  we  insist  upon  the  zoological  evidence  from  those 
forms  and  those  types  best  entitled  to  give  the  character.  The  distinction 
of  systems  by  zoological  characters  is  not  to  be  made  in  one  case  upon 
primary,  and  in  another  upon  subordinate  and  secondary  characters ;  and  if 
the  whole  palaeozoic  series  is  to  be  divided  on  a  certain  principle,  it  must  be 
applied  in  every  instance  equally. 

We  cannot  avoid  the  conclusion,  that,  if  we  adopt  the  Devonian  system 
with  the  limits  suggested  by  foreign  writers,  we  must  drop  forever  the 
attempt  to  recognize  the  Ludlow  division  of  the  Silurian  system.  We  can 
hope  lor  no  species  equivalent  to*  the  peculiar  forms  in  the  Schoharie  grit 
and  Onondaea  limestone,  and  the  numerous  bivalves  in  the  Hamilton 
group ;  and,  m  giving  up  this  and  attempting  a  reconciliation  of  our  groups 
with  the  Devonian,  we  find  that  we  are  encroaching  upon  the  preexisting 
claims  of  the  carboniferous  system  ;  and  that  we  have  no  zoological  types 
of  sufficient  importance  to  enable  us  to  separate  one  from  the  other. 

Although  it  IS  not  difficult  to  find  the  evidences  of  a  general  parallelism 
in  our  successive  groups  with  those  of  Europe,  yet,  when  we  come  to  more 
minute  and  critical  comparisons,  the  difficulties  mcrease  rather  than  dunin- 
ish.  This  is  more  especially  true  of  those  subsequent  in  age  to  the  Wen- 
lock  group  of  Europe,  which  has  its  latest  phase  represented  in  our  lower 
Helderberg  limestones.  If,  for  example,  we  attempt  to  find  the  exact 
equivalents  of  the  several  groups  of  shale,  from  the  Oriskany  sandstone 
upwards,  by  the  general  groups  of  species,  and  even  by  individual  species 
themselves,  as  far  as  they  have  been  identified  with  European  forms,  we 
meet  with  insurmountable  difficulties.  The  relations  of  our  divisions  often 
appear  to  be  in  two  directions,  when  we  take  for  our  standard  the  Euro- 
pean classification ;  and  it  is  impossible  to  account  satisfaictorily  for  the  ap- 
parent divergence  in  the  direction  of  groups  as  shown  by  the  evidence  af- 
forded by  the  recognized  species  of  European  authors. 

In  the  first  instance,  Spirifer  Urii  and  5.  arenosus  are  rather  carbonif- 
erous than  Devonian  species  in  Europe,  and  should  be  regarded  as  a  con- 
necting link  between  these  systems;  while,  in  this  country,  they  occur  in 
the.  Oriskany  sandstone,  immediately  succeeding  the  lower  Helderberg 
limestones,  which  are  positively  identified  with  the  Wenlock  series  of 
England.  The  Cephalopoda  of  the  Schoharie  grit  and  Onondaga  limestone 
fina  their  analogues  in  the  Ludlow  division.  The  Cephalopoda  of  the 
Marcellus  shale,  Goniatites,  Discites,  and  others  with  which  are  associated 
one  or  two  species  of  Productus,  ally  that  group  with  the  carboniferous 
system  ;  and,  if  we  can  rely  upon  the  position  of  the  Goniatites  of  Indiana, 
we  have  positive  carboniferous  species  in  the  black  slate  of  the  West.     The 
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bfiniltdn  group,  in  its  numerous  Lameilibranchiata,  and  some  'species  of 
)rthocerata  connects  itself  in  a  very  positive  manner  with  the  Ludlow  se- 
ies  ;  while,  by  its  Brachiopoda,  it  is  related  to  the  Devonian  and  carboni- 
3ro\is  systems.  The  Chemung  group  through  its  Brachiopoda  is,  on  the 
ne  side,  related  to  the  carboniferous  system  ;  while,  on  the  other,  certain 
3nns  indicate  a  connection  with  the  Devonian.  The  Lamellibranchiata  of 
he  same  group  are,  in  part,  referable  to  Ludlow  forms ;  while  others  are 
ccoOTized  as  Devonian  species.  The  few  species  of  Cephalopoda  known 
a  this  group  ally  it  also  with  the  carboniferous  period.  The  Onondaga 
ncl  corniferous  limestones  are  related  to  the  Devonian  system  through 
GDie  species  of  Brachiopoda  and  Gasteropoda,  which  pass  upwards  into  me 
lamilton  group. 

If  we  attempt  to  express  these  ideas  in  a  tabular  form,  so  that  the  whole 
lubject  may  be  brought  before  the  eye  at  once,  we  appreciate  the  difficulties 
n  the  way  of  arriving  at  satisfactory  conclusions,  so  long  as  the  systems  of 
European  palaeozoic  strata  remain  under  the  present  arrangement,  with  the 
lists  of  species  at  present  referred  to  each  ;  nor  w^ill  the  difficulties  be  di- 
[niuished  until  the  absolute  sequence  of  groups,  from  the  Wenlock  upwards^ 
is  determmed  in  England  and  on  the  continent  of  Europe. 
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This  diagram  explains  tbe  views 
which  we  entertain,  and  which  ap- 
pear unavoidable,  regarding  the  rela- 
tions of  our  groups  with   those  of 
Europe,  where  generic  resemblances 
and  the  identity  of  species  are  made 
the  foundation  of  our  opinions.    We 
have  constantly   before  our  eyes  a 
more   complete  series  of  palaeozoic 
strata,  than  has  as  yet  been  recog- 
nized in  any  other  part  of  the  world. 
We  know  that  the  order  in  which  our 
groups  are  arranged  is  the  order  in 
time.     Where  the  succession  is  made 
out  from  the  examination  of  isolated 
deposits,  the  order  may  not  always 
be  the  true  one ;  or,  at  least,  it  will 
be  impossible  to  make  the  proper  al- 
lowance for  range  of  species,  or  to 
distinguish    so  clearly   the    changes 
which  may  have  resulted  from  litto- 
ral and  deep-sea  deposits.     Our  nu- 
merous   subdivisions,    though    they 
may  be  united  in  fewer  groups,  are, 
nevertheless,  important;  for  every  one 
of  them  is  marked  by  a  distinct  inter- 
val of  time,. and  the  changes  in  the 
character    of   the    deposit    indicate 
changes  in  the  operating  influences 
not  to  be   disregarded.     Where  the 
records  between  two  distinct  points 
of  time  are  the  most  numerous,  and 
ttie  intervals  of  least  duration,  there, 
certainly  is  to  be  found  the  most  per- 
fect record  of  the  history  of  the  pe- 
riod.  In  geological  history,  we  must 
regard  the  series  which  presents  to 
us  groups  of  one  age,  of  less  conse- 
quence than  another  which  presents 
such  an  apparently  single  group,  sub- 
I    divided  into  several ;  *  each  one  being 
the  evidence  of  successive  changes 
which  are  recorded  in  beds  of  different 
materials  and  characterized  by  hiero- 
glyphics not  to   be  misinterpreted. 
So  lon^  as  we  adopt  zoological  char- 
acters in  the  designation  of  groups, 
and  acknowledge  these  as  the  most 
reliable  evidence  of  the  age  of  strata,  so  long  must  we  recognize  those 
physical  subdivisions  which  contain  peculiar  groups  of  species,  or  types  of 
certain  genera ;  and  such  a  group  must  be  recognized  as  a  zoological  period. 
Tbe  following  table  expresses  t\ie  resuU  oi  l\\^  comparison  of  respective 
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5Upft  made,  both  by  European  writers,  who  have  examined  our  rocks 
1  fossils,  and  by  us.  This  comparison  is  founded  on  the  arrangement 
3pted  by  Murchison  in  his  "Silurian  System,*'  and  the  subsequently  pub- 
led  species  referred  to  that  system. 

Table  of  Equivalents. 

Ci^EADOC    SANDSTONE.        \  r^^    *       '"^^''Sf   ^P* 

(  CJmton  group,  m  part. 

!  Clinton  group,  in  part. 
Niagara  group. 
Lower  Helderberg  limestones. 

Upper  Helderberg  limestones. 
Hamilton  group. 
Chemung  group. 
Red  sandstone  and  shale 

of  Catskill  mountains. 


Ludlow  series 

and 
Devonian  system. 


Or,  with  morp  detailed  reference  to  our  rocks,  as  follows : 
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CHAPTER  XIX. 

OK  THE  OBSERVED  FLUCTUATIONS  OF  THE  SURFACES  OF  THE  LAKES. 

BT  CHARLES  WHITTLESEY. 

Indefinite  Character  of  the  early  Observations. — Sources  of  Information. — 
Supposed  periodical  Rise  of  the  Waters  erroneous. — Difficulty  of  redu" 
cing  the  Observations  to  a  common  Standard. — Annual  Rise. — Different 
Zeros  of  Reference. — Depression  of  1776. — Rise  of  1802. — High  Water 
of  1815. — Low  Water  of  1819-20. — Tables,  showing  the  various  Stages 
of  Water  at  Cleveland  ;  at  Detroit ;  at  Black-Rock  and  Buffalo. — Effects 
of  Winds  in  raising  cfnd  depressing  the  Surfaces  of  the  Lakes. — JVb  o6- 
served  tidal  Movement. --Transcripts  of  Rain-gauges  at  various  Stations. 

Those  who  have  examined  and  compared  the  recorded  observations  of 
the  rise  and  fall  of  the  surfaces  of  the  great  lakes  find  themselves  greatly 
perplexed  in  arriving  at  exact  results.  The  earliest  information,  upon 
«rhich  any  reliance  can  be  placed,  is  given  by  the  pioneer  settlers  who  began 
to  occupy  the  southern  shore  of  Lake  Ene  as  early  as  1795-6.  They, 
bowever,  only  give  general  impressions  and  recollections.  In  1814-15  their 
attention  was  forcibly  drawn  to  the  subject  by  a  very  high  stage  of  water, 
which  interfered  with  their  buildings  adjacent  to  the  mouths  of  rivers, 
which  then  served  as  harbors  for  the  few  schooners  by  which  the  western 
[commerce  was  transacted. 

About  the  close  of  the  war  of  1812,  the  late  Brigadier-General  Henry 
Whiting  commenced  a  series  of  personal  observations  upon  the  fluctuations 
[>f  the  Detroit  river,  at  Detnot,  and  these  observations  were  resumed  in 
1828  by  E.  A.  Hathan,  a  civil  engineer  connected  with  the  water-works  of 
that  city. 

In  1830,  Dr.  Douglas  Houghton  began  his  observations  upon  the  rise 
und  fall  of  the  upper  lakes,  atetracts  of  which  are  given  in  the  Michigan 
[Ideological  reports  for  the  years  1839  and  1841.  Since  the  opening  of  the 
New  York  and  Erie  canal  in  1824,  many  observations  have  been  made  by 
the  state  engineers  and  referred  to  the  mitre-sill  of  the  guard-lock  at  Black 
Rock,  as  a  zero.  These  have  been  published,  from  time  to  time,  in  the  news- 
papers of  Buffalo,  particularly  in  the  Commercial  Advertiser,  but  we  are  not 
iware  that  they  have  ever  been  collected  in  a  connected  and  systematic  form. 

In  1844,  when  Colonel  T.  B.  W.  Stockton  took  charge  of  the  govern- 
nent  works  at  the  harbor  of  Cleveland,  Ohio,  he  caused  p,  meteorological 
table  to  be  kept,  which  is  very  complete  and  reliable.  From  August  Jo45, 
to  August  1846,  inclusive.  Colonel  Stockton  added  a  water-table.  The 
Dbservations  were  taken  at  6  A.M.,  at  noon,  and  6  P.M.,  by  Mr.  George 
riebout,  which,  by  the  kindness  of  Mr.  D.  P.  Rhodes,  late  disbursing  agent, 
[  have  in  my  possession. 

While  connected  with  the  geological  survey  of  the  state  of  Ohio,  I  col- 
lected some  information  relating  to  this  subject,  whkk  \9^%  Y^\:^^Vl^^\S!k^2s!&. 
report  for  the  year  IdSS^-d. 
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From  August  to  December  1838,  Mr.  George  C.  Davfe,  of  ClcvdanJ, 
kept  a  daily  register,  and  since  that  time  I  have  made  occasional  measore* 
ments  at  the  same  place. 

In  the  month  of  November,  1850,  Mr.  John  Lathrop,  a  resident  engineer 
of  the  New  York  State  canal,  commenced  at  Buffalo  a  register  of  the  stage 
of  the  water  at  that  place,  twice  each  day,  referred  to  the  bottom  of  the 
canal  as  zero,  a  portion  of  w^hich  is  given  below. 

These  are  the  sources  of  information  within  my  reach,  and  I  deem  the 
subject  of  sufficient  importance  to  find  a  place  in  this  report,  not  simply  ag 
a  matter  of  general  interest,  but  of  practical  utility ;  since  all  public  con- 
structions upon  the  lakes  should  be  built  in  reference  to  the  extreme  fluctua- 
tions of  the  water-levels.  There  are  sites  of  towns  laid  out  during  a  low 
stage  of  water,  which  in  after  years  have  been  flooded  to  the  depth  of 
several  feet ;  and  others  surveyed  in  a  high  stage,  counting  upon  a  sufficient 
depth  of  water  for  harbors,  docks  and  shipping,  which  were  left  by  the 
reflux  at  an  inconvenient  distance  from  navigable  water.  An  erroneous 
opinion  prevails  in  the  lake  region,  founded  on  Indian  and  French  traditions^ 
that  the  rise  and  fall  of  the  water  is  periodicalj  occurring  once  in  seven 
years,  but  an  examination  of  the  records  of  the  past  twenty-five  years  will 
afford  no  grounds  for  this  belief.  It  has  been  the  popular  impression  that 
there  was  something  mysterious  in  these  secular  fluctuations,  and  that 
they  were  in  no  way  connected  with  the  vicissitudes  of  the  seasons; — a 
belief  which  may  be  easily  accounted  for,  when  we  take  into  account  the 
immense  size  of  the  basins  of  the  great  lakes,  and  the  length  of  time  neces- 
sary for  the  accumulation  of  water  in  such  capacious  reservoirs  to  become 
sensible  to  the  eye.  A  comparison  of  the  rise  and  fall  of  the  water  of  the 
lake  with  the  recorded  observations  of  the  rain-gauge,  will  show  con- 
clusively that  the  surfaces  of  these  great  bodies  of  water  rise  gradually 
after  an  unusually  large  amount  of  ram  has  been  falling  during  one  or  more 
seasons,  and  that,  on  the  other  hand,  they  fall  after  a  long  period  durii^ 
which  the  quantity  of  rain  has  been  less  than  the  average  ;  obeying  in  this 
respect,  the  same  laws  which  influence  other  collections  of  water. 

It  will  be  more  satisfactory  to  the  philosophical  inquirer  and  more  relia- 
ble for  the  use  of  future  observers,  to  give  the  statements  of  different  authors 
fjom  which  I  have  drawn  some  conclusions,  in  their  own  terms.  It  will  be 
seen  that  it  is  no  easy  task  to  reduce  the  recorded  observations  to  one 
standard,  since  some  are  made  from  memory  alone, — such  being  the  best 
and  only  authority  prior  to  1814 — while  others  were  taken  on  rivers  a  little 
distance  from  their  outlets,  where  the  stage  of  water  was  influenced  by 
floods.  Even  those  observations  taken  at  the  surface  of  the  lake  are  sub- 
ject to  variations,  resulting  not  only  from  visible  causes,  such  as  winds  and 
storms ;  but  from  distant  and  invisible  ones,  such  as  swells  and  sudden 
risings.*  Thus,  at  Cleveland,  the  surface  has  been  known,  in  perfectly 
calm  weather,  to  rise  and  fall  suddenly  fiom  three  to  eighteen  inches ;  but 
usually  within  a  few  hours  the  cause  became  apparent  in  the  approach  of  a 
gale  or  storm.  One  of  the  uses  of  the  magnetic  telegraph  is  to  inform  the 
mariner  in  port  of  the  prevalence  of  storms  elsewhere,  before  they  burst 
upon  him. 

The  different  lakes  do  not  rise  or  fall  at  the  same  time,  but  in  succession ; 
as  the  several  mill-ponds  on  a  stream  are  known  to  fill,  during  floods,  in 

*  See  Chapter  U.  ?a(t  V  ot  ¥q«^ax  «M  YTMUiey'a  report. 
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)rdcr— b^giiming  With  tho^e  neareiit  the  source,  and  to  discharge  themselves 
n  the  same  order.  The  successive  basins  of  the  lakes  are  so  many  ponds 
ir  enlargements  of  the  St.  Lawrence.  There  is,  besides,  an  annual  rise  and 
all  which  is  not  equal  in  different  years,  and  not  precisely  uniform  over  the 
^hole  area,  during  the  same  season.  Taking  the  best  observations  at  dif-* 
erent  points  of  the  same  lalce,  as  for  example,  at  Buffalo,  Cleveland,  and 
[Detroit,  for  the  same  year  and  month  and  comparing  them  with  each  other, 
Uscrepancies  are  apparent  in  the  amount  of  rise  or  fall  for  the  same  period 
IS  deduced  from  measurements  at  different  places.  Another  source  of  difH« 
nilty  arises  from  the  different  zeros  referred  to  by  the  different  observers. 
For  the  zero  at  Cleveland,  in  1838,  I  made  use  of  one  of  the  courses  of 
nasonry  on  the  east  pier  of  the  harbor  at  its  southern  extremity,  being  then, 
Jie  bottom  of  the  first  course  from  the  top;  hut  since  the  coping  has  been 
aid^  it  is,  at  this  time,  the  second.  This  line  was  used  because  it  cor- 
-esponded  with  the  highest  permanent  stage  of  water  within  the  memory 
>f  white  men;  and  being  intended  to  last  so  long  as  commerce  shall  be 
pursued  on  the  lake,  it  was  considered  sufficiently  permanent ;  but  since 
that  period,  portions  of  the  work  have  subsided  a  foot  or  more,  and  it  has 
\)een  found  difficult  to  restore  the  zero-level  by  other  marks.  The  zero 
)f  June  25, 1838,  was  six  feet  below  the  surface  of  the  southern  end  of 
the  parapet-wall  as  it  now  stands-^-^ctober,  1851. 

Dr.  Houghton  and  Genera!  Whiting  took  the  lowest  known  stage  for 
their  zero,  which,  according  to  their  best  information,  occurred  June,  1819; 
iut  other  authorities— ^and  they  are  numerous — fix  the  lowest  known  stage 
ate  in  the  summer  of  that  year,  and  also  in  August,  1820,  The  difference 
>etween  1819  and  1838,  at  Detroit,  is  five  feet  three  inches.  It  is  a  general 
tradition  that  in  1809  and  1810  Lake  Erie  was  even  lower  than  in  1819 
md  1820.  There  is  no  evidence  that,  since  the  settlement  of  the  region  by 
:he  whites,  Lake  Erie  has  been  higher  than  in  1838 ;  but  at  Buffalo  and 
It  Detroit,  the  highest  stage  is  said  to  baX'e  occurred  in  August,  while  at 
Cleveland  it  occurred  on  rae  25th  of  June,  During  that  month  and  the 
moceeding  July,  there  were  Several  swells  Which  lasted  fol*  a  few  hours 
>r  perhaps  a  day,  when  the  waters  rose  in  the  extreme,  eighteen  inches, 
looding  warehouses  and  offices ;  but  these  oscillations  were  too  rapid  to  be 
classed  among  the  regular  fluctuations  of  the  lake. 

The  Detroit  river,  with  a  strong  current  and  crooked  channel,  is  not  as 
rood  an  index  of  the  flux  and  reflux  of  the  water  as  the  open  lake  itself, 
jrovided  the  observations  are  freed  from  the  sudden  influence  of  winds. 
With  these  cautions  and  explanations,  I  proceed  to  give  full  quotations  from 
the  authorities  above  cited. 

Li  the  year  1796,  the  water  was  low  in  Lake  Erie,  as  all  the  earlv  set- 
tlers in  the  Western  Reserve  agree.  They  state  that  they  were  able  to 
travel  with  teams  on  the  beach  of  the  lake,  most  of  the  way  from  Buffalo 
to  Cleveland — there  being  no  road  on  the  shore — and  that  it  has  neVer  been 
so  broad  and  continuous  since. 

In  1798,  a  rise  was  observed  in  the  lake.  Dr.  Houghton*  says  that 
our  oldest  inhabitants  agree  in  stating  that  the  waters  were  high  from 
1800  to  1802,  in  proof  of  which  it  is  alleged  that  the  roads  which  had 
before  been  in  use  on  the  banks-  of  the  Detroit  river  were  so  completely 


*  Michigan  Geological  Reports,  18S9,  p.  22. 
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inimdated  as  to  be  impassable.*  As  a  comment  on  Hob^  it  should  ht  oberv- 
ed  that  Detroit  has  been  occupied  by  the  French  since  1702,  and  if,  in  the 
intervening  century,  there  had  been  higher  water,  the  recollection  of  the 
event  would  have  been  preserved  by  tradition,  and  their  roads  would  bare 
been  laid  at  a  greater  distance  above  the  river. 

For  1806,  tne  inhabitants  alone  the  shore  of  Lake  Erie,  in  north-easten 
Ohio,  report  the  lake  as  low,  and  for  1810-11,  as  very  low ;  at  least  ax 
feet  below  1848.  "  From  the  years  1809  to  1814,  inclusive,  the  water  was 
generally  two  feet  lower  than  in  1820.  The  reefe  between  this  (Buffah)) 
and  Fori  Erie  were  then  entirely  out  of  water,  but  now  covered ;  and  oo 
Bird's  Island,  which,  for  many  vears  past,  has  been  almost  wholly  under 
water,  buildings  were  erected."! 

Mr.  Alonzo  Carter  of  Cleveland,  who  lived  at  the  mouth  of  the  Cuyt- 
hoga  river  in  1798,  says,  that  the  water  was  then  three  feet  below  the 
flood  of  1838,  and  that  the  high  water  of  1815-16  was  not  equal  to  that 
of  1838.  Mr.  Solomon  Juneau,  the  first  settler  of  Milwaukee  m  1838,  re* 
marked  that  the  water  had  never,  within  his  recollection,  been  so  low  as  it 
was  in  1820 ;  and  never  so  high  as  in  June,  1838,  when  the  old  Indian 
race*course  was  six  feet  under  water.  The  inhabitants  along  the  southen 
shore  of  Lake  Erie  concur  in  their  recollection  of  a  rise  from  1813  to  1816. 
In  1814,  Captain  Dobbin,  of  the  revenue  service,  measured  a  rise  of  two 
feet  six  inches  in  three  months.  Mr.  M.  Sandford  of  Erie  says,  that  he 
took  out  stone  from  a  quarry  in  1810,  which  in  June,  1838,  was  mx  feet 
under  water.  In  June,  1815,  he  built  a  ware-house  five  feet  above  water, 
to  which  the  flood  reached  in  June,  1838,  and,  during  the  year  1815,  it 
advanced  three  feet. 

"  It  is  now  a  matter  of  record,''  remarks  General  Whiting,  "  that,  b 
1814-15,  the  Detroit  river  was  imusually  high ;  that  the  foundations  of 
houses,  and  much  land  that  had  long  been  under  cultivation,  were  submerged. 
These  buildings  had  been  erected  many  years  before,  and,  of  course,  under 

*  We  here  append  the  testimooT  of  the  late  GoTemor  Dewitt  Clinton,  a  highly  competnt 
observer,  contained  in  the  second  volume  (Part  I.)  of  the  Transactions  of  the  New  Yoik 
Literary  and  Philosophical  Society,  which  appears  to  have  escaped  the  attention  of  Mr. 
Whittlesey.  "  Lake  Erie  began  to  rise  in  1811  and  continued  to  increase  nntil  1816,  wbcs 
H  was  two  feet  higher  than  ever  known.  The  overflowing  of  the  waters  destroyed  trees  os 
tile  low  lands  more  than  two  liandred  years  old,  and  the  inhabitants  of  Detroit,  which  b  is 
ancient  settlement,  had  never  seen  or  heard  of  snch  a  rise  before.  It  fell  a  little  in  181i, 
rose  again  in  1817,  and  decreased  until  1822.  In  1810, 1  walked  on  Bird's  Island,  sitnate  it 
the  outlet  of  Lake  Erie.  In  1816  it  was  almost  covered  with  water  and  was  scarcely  visible. 
I  am  informed  by  an  intelligent  ship-master  of  the  lakes  that  <  when  he  visited  Detroit  b 
1797,  the  waters  were  at  their  height.  He  went  South  the  following  year  and  did  not  retun 
to  that  place  until  1802,  when  he  found  the  waters  considerably  lower.'  [There  is  grett 
discrepancy  between  this  statement  and  that  contained  in  the  text.]  <  Havuig  luiderstood 
that  there  was  a  rise  and  fkU  every  seven  years,  he  determined  to  ascertain  how  great  it  wis; 
for  which  purpose  he  caused  marks  to  be  made  on  a  solid  wharf,  which  had  been  built  more 
than  twenty  years  before,  and  was  perfbctly  firm  and  immovable ;  and  he  foand  that  the 
water  declined  about  an  inch  a  year  for  nine  years.  What  the  fUl  was  for  five  years  during 
his  absence  he  did  not  know,  but  it  may  be  fldrly  stated  at  three  times  as  much  yearly;  thst 
Is,  fifteen  inches,  if  compared  with  subsequent  occurrences  of  a  similar  character.  Tbs 
lake  began  to  rise  again  in  1811,  in  the  spring  of  which  it  rose  six  inches,  but  during  tbt 
summer  it  fell  two  inches.  In  1812  it  rose  fourteen  inches  and  subsided  three  inches,  leaviai 
m  nett  gain  of  fifteen  inches  in  two  years.  The  surrender  of  Detroit  to  the  British,  in  Odo- 
Tier,  1812,  compelled  him  to  leave  the  country  j  but  in  October,  1818,  he  returned  with  the 
fleet,  and  the  water  was  then  at  its  greatest  altitude,  having  hi  that  year  gained  twelts 
inches — in  aU  twenty-seven  inches.  In  1814  and  1816,  it  was  stationary.  In  1816  aad 
1817  it  fell  at  least  eighteen  inches."— F.  4*  W. 
t  BoSUo  Commercial  Advertiser,  KQvember  12, 1841. 


Ft.  in. 

Heights. 

•0  00 

0  00 

2  10+ 

2  10 

2  10+ 

2  10  1 

0  10+ 

3  08 

0  06+ 

4  01 

0  07+ 

4  08 
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?f  that  they  were  aloof  from  all  but  extraordinary  elevations.  •  •  • 
820,  or  about  that  time>  the  rivers  had  resumed,  their  usual  level  and 
ral  wharves  were  built,  at  Detroit,  between  that  year  and  1828,  at  a 
fat,  as  was  supposed,  sufficiently  above  the  general  level  for  conve- 
ce  and  safety.  At  the  latter  date,  the  river  had  again  attained  the  ele-' 
3n  of  1815,  and  remained  so  until  1830.*' 

r.  Houghton*  remarks,  ^^  I  have  been  enabled  to  Ax,  with  a  considera* 
legree  of  certainty,  upon  the  height  at  which  the  waters  of  the  lake 
319-20,  when  they  were  at  their  lowest  level.*'  From  a  comparison 
is  own  observations  on  Huron,  AGchigan,  and  Superior,  with  those  of 
Higeins,  Greneral  Whiting,  and  Mr.  Hathan,  he  was  enabled  to  form  a 
I  of  heights,  for  the  month  of  June,  in  each  year,  taking  the  lowest 
e  of  water  for  1819-20  as  the  zero. 


June,  1819-20   - 

"  1828 
«  1830 
«  1836 
**  1837     ... 

"  isas   .... 

Tere  the  difference  in  height  computed  from  February,  182(!),  to  June, 
J,  the  total  amount  would  be  increased  to  about  six  feet  eight  inches.f 
will  be  readily  seen,  by  the  statements  already  given,  how  difficult  it 
*  reconcile  them  to  each  other;  and,  before  proceeding  farther,  I  will  re- 
gain to  the  annua/  rise  and  fall,  amounting  to  twelve  and  sometimes 
teen  inches,  which  is  strictly  periodical,  as  will  appear  by  the  tables 
follow,  and  wholly  discoimected  from  the  phenomena  of  the  general 
and  fall,  which  is  very  irregular,  recurring  at  periods  of  many  years 
tion.  In  this  way,  some  of  the  conflicting  reports  as  to  the  stage  of 
Birater,  that  every  inquirer  meets  with,  may  be  reconciled.  The  annual 
takes  place,  whether  the  lake  be  low  or  high,  and  is  at  its  flood  i^  the 
ig,  after  the  rains  of  that  season  and  the  snows  of  winter,  melted  by 
ivarm  weather,  have  united  in  throwing  a  surplus  of  water  into  all  the 
s.  In  the  fall  and  winter  —  when  the  meteorological  conditions  are  re- 
E^,  and  the  absence  of  rain  and  the  presence  of  frost  imite  to  check  the 
large  of  water  from  the  tributaries  — ^the  lakes,  as  might  be  expected, 
le  twelve,  fifteen,  and  even  eighteen  inches. 

vailing  myself  of  the  information  derived  from  Messrs.  Walworth, 
;:hant  and  others,  who  were  engaged  in  the  construction  of  the  piers  at 
nouth  of  the  Cuyahoga  river,  at  Cleveland,  from  1824  to  1837, 1  have 
tnicted  the  following  table :  J 

Ft.  in. 
1822,  lowest  stage,  below  my  zero  of  June,  1888,  at  least  5  00 
1825,  >  "        "        "  "  **        **  4  00 

J826,  general  level,  -  -  *  -  2  10 

1832,  «        "  .  .  2  ft.  6  in.  to    3  02 

1833,  -  -  -  -  2  ft.  8  in.  to    3  08 

•  Geol.  Rep.  of  Micbigan,  for  1889,  p.  23. 
"'^  '  t  0«^.  Rep.  Michigan,  1839,  p.  21. 

\  G#9L  Rep.  of  Om^  p.  ai. 
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1834,  June,  -  -  -  -  2  07 

1835,  June,  -  -  -  -  2  10 
1835,  September,  -  -  -  -  3  04 
1837,  January,  -  -  -  .    -  3  01/, 
1837,  June,  -  -  -  -  2  07 

1837,  September,  -  -  -  -  3  06 

1838,  May  10,  -  -  -  -  1  00 
1838,  June  12,  .  -  .  .  0  04 
1838,  June  25,  zero,  -  -  -  0  00 
1838,  July  12,  -  -  -  -  0  03 
1838,  August  18,  -  .  -  -  0  09 
1838,  October  18,  -  -  -  -  1  09 
1838,  December  1,  -  -  -  -  1  Hj 

From  the  I8th  of  August  to  the  18th  of  October,  1838,  Mr.  George  C. 
Davis,  of  Cleveland,  kept,  at  his  office  on  the  dock,  a  floating  register, 
'which  was  noted  many  times  a  day.  Considering  the  accuracy  of  these 
observations,  which  were  freed  from  the  sudden  changes  which  result  from 
winds,  I  give  the  weekly  mean  for  those  two  months : — the  numbers  express 
the  average  of  each  week  below  my  zero : 

Ft.  in. 

August  24,  -----  0  0959 

"31, 0  10.43 

September  7,  -  -  -  -  -  1  01.07 

"      14,  -  -  -  -  -  1  01.57 

"      21,  -  .  r  -  -  1  03.57 

"28, 1  04.29 

October  5,  -  -  -  -  -  1  06.00 

"12, 1  07.00 

"18, 1  09.00 

These  measurements  show  how  liable  general  statements,  from  memory, 
are  to  error.  A  very  observing  man  might  have  taken  the  height  of  the 
water  at  Buffalo,  in  August,  and,  only  a  few  weeks  afterward,  during  the 
same  season,  at  Cleveland,  and  reasonably  have  concluded,  in  the  absence 
of  strict  data,  that  the  surface  at  the  former  place  had  not  materiallj 
changed  in  the  mean  time ;  but  it  is  here  shown,  that  a  change  of  one  foot 
in  depression  occurred  in  the  space  of  two  months.  These  rapid  fluctua- 
tions give  rise  to  doubts  in  all  statements  where  the  precise  date  is  wanting. 
The  same  thing  renders  a*  reference  of  one  set  of  observations,  in  one  part 
of  the  lake,  to  another  set,  made  at  different  seasons,  in  another  part,  a 
very  cpmplicated  affair :  nor  is  it  entirely  safe  to  take  the  same  month,  in 
different  years,  and  compare  them  together;  for  neither  does  the  spring- rise 
nor  the  winter  fall  always  happen  at  the  same  period  of  the  year ;  nor  is 
the  annual  flood-tide  of  one  year  equal  to  that  of  another. 

Different  observers  do  not  agree  as  to  the  precise  time  of  either  the  high* 
est  or  lowest  general  stage  of  the  water.  At  Cleveland  it  was  unquestion- 
ably- the  higMsi  about  the  25th  of  June,  1838,  when  it  was  two  feet  five 
mches  below  the  surface  of  the  main  wall  at  the  south  eAd  ojf  the  east  pier; 
two  feet  below  the  same  wail  four  bvuvdred  feet  from  the  0outh  end ;  six  feet 
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four  inchea  below  the  coping  of  the  lock  at  the  Cuyahoga  river,  at  Merwin 
SUeet  (on  the  west  wing-wall);  three  feet  eighty-eight  hundredths  b^low 
the  water  table  of  the  Commercial  House,  corner  of  Main  and  River  streets, 
Ohio  City;  and  was  also  on  a  level  with  the  heads  of  the  piles  on  the  river, 
at  the  Morocco  factory. 

These  marks  and  benches  were  established  by  Mr.  Howe,  the  resident 
engineer  of  this  division  of  the  Ohio  canal ;  by  General  Ahaz  Merchant ; 
by  Col.  T.  B.  W.  Stockton ;  and  by  myself,  independently  of  each  other, 
and  will  probably,  some  of  them,  remain  for  fature  reference,  through  all  time. 

I  am  unable  to  find  in  these  tables  any  confirmation  of  the  popular  belief, 
that  there  is  a  "  seven  years*  rise  and  fall"  of  the  water  in  the  lakes. 

The  Detroit  registers  show  a  continual  rise,  from  1819  to  1838,  or  nine- 
teen years.  From  1838  to  1841,  a  continual  decline  of  three  years.  In 
1842  a  slight  rise.     From  1842  to  1851,  eight  years,  a  regular  decline. 

At  the  other  extremity  of  Lake  Erie,  accounts  differ  as  to  the  fact  of  the 
lowest  water  being  in  1819  or  1820 ;  but  the  difierence  between  those 
years  was  slight.  At  Black  Rock,  the  highest  stage  of  water  is  stated  to 
have  been  in  August,  and  not  in  June,  1838  ;  but  at  Buffalo  it  is  given  in 
the  month  of  June.  Some  observers  place  the  lowest  water  in  August, 
and  some  in  the  fall  of  1819 ;  others  in  that  of  1820 ;  and  at  Buffalo 
there  is  a  tradition  that  in  1810  it  was  still  lower.  From  1838  to  1841 
there  was  a  decline  of  three  years,  the  same  as  at  Detroit.  From  1841  to 
1851,  ten  years,  it  has  been  fluctuating  up  and  down,  about  as  much  rise 
as  fall ;  that  is,  the  total  rise  2.75,  totalfall  2.56.  At  Cleveland,  from  1796 
to  1810^-11,  the  water  was  low,  fourteen  years ;  from  1811  to  1816,  five 
jears,  rising  very  rapidly  ;  from  1816  to  1819,  three  years,  falling  rapidly 
to  ihe  lowest  known  point ;  and  from  1819  to  1838,  nineteen  years,  a  steady 
riae.  Since  1838  there  has  been  a  steady  decline  to  March  1846,  the  low- 
est since  1819,  i^nd  since  1846  considerable  fluctuation  and  irregularity. 
Among  all  these  periods,  there  is  none  of  seven,  and  just  one  of  fourteen  years. 

These  tables  demonstrate  the  effect  of  the  change  of  seasons  within  the 
year  upon  the  stage  of  water.  They  show  an  annual  rise  and  fall  entirely 
independent  of  the  general  height  of  water  fluctuating  a  certain  distance 
within  each  year,  whether  the  general  surface  is  high  or  low. 

The  average  or  mean  annual  difference  of  four  well  ascertained 

years,  at  Cleveland,  is  -^ 1ft.  Sin. 

Of  eight  years  at  Detroit 1ft.  2Jin. 

Of  four  years  at  Buffalo---- Oft.  lOJin. 

Mean  of  all  annual  differences -•- 1ft.  IJin. 

No  observer  of  registers  has  discovered  a  daily  or  lunar  tide. 
The  greatest  range  of  general  surface  of  the  lake,  at  Detroit,  wsus, 

between  August  183&  and  June  1819 5ft.  3in. 

At  Black  Rock,  between  August  1838,  and  August  1819,  or  1820,  5ft.  3in. 

At  Buffalo,  between  June  1§38  and  August  1819 5k.  3m. 

At  Cleveland,  between  June  1838,  and  the  fall  of  1819 6  to  6ft. 

The  greatest  extreme  and  temporary  range  noticed  in  the  register,  oc- 
curred oetweea  the  same  years^  and  are  given  as  folloixs : 

AtDetroit 6ft.  Sin. 

At  Black  Rock 7ft.  lin. 

At  Cleveland ----- 7ft.. Q^l. 
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Abstract  of  Colonel  T.  B.  W.  Stockton's  Registet  Jot  lBi5  S—Clwkid. 

The  figures  show  the  -depression  of  the  water-surfkce  below  June,  1888, 
giving  the  mean  of  each  week's  observations  three  times  a  day. 

The  three  lines  of  figures  under  the  head  of  the  month,  represent  the 
mean  height  at  6  A.  M.,  at  Noon,  and  6  P.  M.,  dail^,  for  each  week. 


Month. 

First  week. 

Second  week. 

Thkd  week. 

Fourth  week. 

Monthly 
mean. 

1845. 

• 

Below  ten. 

Angost. 

2  ft.  9  in. 

2  ft.  8.9  in. 

Wanting. 

Wanting. 

2  ft.  6.7  in. 
2  ft.  7.6  in. 

2  ft^  8.9  in. 
2  ft.  9.1  in. 

September. 

2  ft.  11.4  in. 

2  ft.  11  in. 

8  ft.  0.8  in. 

8  ft.  1.7  in. 

8  ft.  0.8  b. 

2  ft.  9.1  in. 

2  ft.  11.8  in. 

8  ft.  0.1  in. 

8  ft.  0.6  in. 

2  ft.  11.2  hi. 

2  ft.  8.8  in. 

2  ft.  10.7  m. 

2  ft.  11  in. 

8  ft.  0.9  in. 

2  ft.  10.8  hi. 

October. 

8  ft.  2.8  in. 

3  ft.  2.8  in. 

8  ft.  8.0  in. 

8  ft.  8.7  in. 

8  ft.  2.75  hil 

8  ft.  1.7  in. 

8  ft.  1.3  in. 

3  ft.  0.8  in. 

8  ft.  8.9  in. 

8  ft.  1.8  hi. 

8  ft.  0.8  in. 

8  ft.  0.9  in. 

8  ft.  2.1  in. 

8  ft.  3.8  in. 

3  ft.  1.8  hi. 

November. 

8  ft.  2  in. 

3  ft.  5.7  in. 

3  ft.  8.4  in. 

8  ft.  8.6  in. 

3  ft.  6.18  hi. 

8  ft.  2.1  in. 

8  ft.  6.1  in. 

8  ft.  8.0  in. 

8  ft.  7.4  in. 

8  ft«  6.9  hi. 

8  ft.  2.8  in. 

8  ft.  4.8  in. 

3  ft.  6.7  in. 

8  ft.  5.6  in. 

8  ft.  4.85  m. 

December. 

8  ft.  7.6  in. 

8  ft.  7.8  in. 

3  ft.  10.5  in. 

4  ft.  2.0  in. 

8  ft.  9.9  hi. 

8  ft.  8.1  in. 

8  ft.  7.8  in. 

8  ft.  11.4  in. 

4  ft.  0.6  in. 

8  ft.  9.9  m. 

8  ft.  5.0  in. 

8  ft.  8.1  in. 

8  ft.  10.0  in. 

4  ft.  0.0  in. 

8  ft.  8.8  hu 

1846. 

January. 

4  ft.  0.0  in. 

8  ft.  11.7  in. 

4  ft.  1.8  in. 

4  ft.  1.8  in. 

4  ft.  0.7  in. 

4  ft.  0.8  in. 

4  ft.  0.4  in. 

4  ft.  0.5  in. 

4  ft,  2.0  in. 

4  ft.  0.9  ht 

8  ft.  11.5  in. 

8  ft.  11.1  in. 

4  ft.  0.0  in. 

4  ft.  2.7  m. 

4  ft.  0.S  hL 

February. 

4  ft.  2.1  in. 

4  ft.  4.2  in. 

4  ft.  6.1  in. 

4  ft.  6.8  in. 

4  ft.  4.7  m. 

4  ft.  2.5  m. 

4  ft.  4.2  m. 

4  ft.  6.4  in. 

4  ft.  6.8  in. 

4  a.  4.8  m. 

4  ft.  2.8  in. 

4  ft.  4.5  in. 

4  ft.  5.7  in. 

4  ft.  7.1  in. 

4  ft.  4.9  u. 

March. 

4  ft.  8.8  in. 

4  ft.  8.0  in. 

4  ft.  6.5  in'. 

4  fL  2.7  in. 

4  ft.  6.5  hi. 

4  ft.  6.8  in. 

4  ft.  8.1  in. 

4  ft.  4.7  in. 

4  ft.  2.5  in. 

4  ft.  5.4  u. 

4  ft.  5.8  in. 

4  ft.  8.6  in. 

4  ft.  6.8  in. 

4  ft.  2.7  in. 

4  ft.  5.7  m. 

AprU. 

4  ft.  1.5  in. 

4  ft.  1.8  in. 

4  ft.  0.8  in. 

4  ft.  1.8  in. 

4  ft.  1.1  m. 

4  ft.  2.3  in. 

4  ft.  0.8  in. 

8  ft.  11.8  in. 

4  ft.  0.8  in. 

4  ft.  0.6  hi. 

4  ft.  1.8  in. 

1  ft.  8.7  in. 

4  ft.  11.8  in. 

4  ft.  8.7  in. 

4  ft.  2.0  in. 

May. 

8  ft.  6.8  in. 

3  ft.  3.1  in. 

2  ft.  9.0  in. 

8  ft.  10.0  in. 

8  ft.  1.2  hi. 

8  ft.  6.6  in. 

8  ft.  8.8  in- 

2  ft.  10.0  in. 

2  ft.  11.2  in. 

8  ft.  2.0  iB. 

8  ft.  5.6  in. 

8  ft.  8.5  in. 

2  ft.  10.9  in. 

2  ft.  10.9  in. 

3  ft.  1,7  fat. 

Jane. 

2  ft.  8.5  in. 

2  ft.  10.5  in. 

2  ft.  10.5  in. 

2  ft.  10.6  in. 

2  ft.  10.4  m. 

2  ft.  11.4  in. 

2  ft.  9.0  in. 

2  ft.  10.1  in. 

2  ft..ll.5  in. 

2  ft.  10.5  in. 

5  ft.  10.2  in. 

2  ft.  10.7  in. 

2  ft.  8.1  in. 

2  ft.  11.2  in. 

2  ft.  10  hi. 

July. 

2  ft.  7.0  in. 

2  ft.  8.8  in. 

8  ft.  0.0  in. 

8  ft.  2.4  in. 

2  ft.  10.5  in. 

2  ft.  8.8  in. 

2  ft.  9.8  in. 

2  ft.  11.8  in. 

8  ft.  2.0  in.  ' 

2  ft.  10.9  a. 

2  ft.  9.4  in. 

2  ft.  10.8  in. 

2  ft.  8.8  in. 

8  ft.  2.0  in. 

2  ft.  10.7  in. 

August. 

8  ft.  1.8  in. 

8  ft.  1.7  in. 

8  ft.  0.9  in. 

8  ft.  1.5  in. 

8  ft.  1.5  hi. 

8  ft.  1.4  in. 

8  ft.  1.7  in. 

2  ft.  6.7  in. 

8  ft.  0.8  in. 

2  ft.  11.6hi. 

8  ft.  1.7  in. 

8  ft.  1.4  in. 

2  ft.  10.9  in. 

8  ft.  2.7  in. 

8  ft.  1.2  k. 

The  lowest  stage  of  1846  was  in  the  month  of  March 4  ft.   5.8  in. 

The  highest  stage  of  1846  was  in  the  month  of  June 2ft.  10.1  hi. 

Greatest  difibrence  of  the  monthly  mean  for  1646 1ft.   7.7. 


.* •  «  • 
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neMoimg  average  of  each  month  in  1846  shotirs  the  perfeet  regular- 
J  of  the  annual  elevation  and  depression.  If  we  had  as  perfect  a  table 
r  several  consecutive  years  as  we  have  for  this,  a  yearly  abstract  would 
iow  the  general  eleyation  and  depression  in  the  same  way. 

Ft.  in. 

September,  1845,  average  -            -           -  2  11.4 

October,  «         "  -            •            •  3  02.1 

November,  «         <<  .            -            •  3  05.6 

December,  «         «  ...  3  09.5 

January,  1846,      "  ...  4  00.6 

February,  «         «  .            .            -  4  04.8 

March,  «         «  ...  405.8 

April,  an  .           .           •  4  015 

lilay,  «         «  .           ,            •  3  01.6 

June,  «         <«  ...  2  10.1 

July,  «         a  ...  2  10.7 

•  August,  an                                      -3  00.7 

At  Buffalo  and  Black  Rock  there  is  less  regularity  than  elsewhere,  show- 
g  that  winds,  and  the  form  of  the  coast,  produce  irregularities  there  that 
e  local. 

For  five  years  high  water  occurred  there ;  in  July  once,  June  once,  May 
ice,  August  once,  and  October  once.  For  the  winter  months,  when  the 
ater  is  low,  the  measurements  are  wanting. 

At  Detroit  there  are  several  years  when  there  was  little  variation  during 
ro  or  three  months.  In  four  years  (not-consecutive,  but  those  best  as- 
trtained)  it  was  high  in  June  and  July  three  times,  and  August  once,  and 
muary,  Februaiy,  and  March  once* 

At  Cleveland,  in  five  years  .well  ascertained,  high  water  has  been,  in  June 
ur  times ;  and  June,  July,  and  August  once  ;  low,  in  January  once,  De* 
mber  twice,  March  once,  dnd  August  once. 

So  that  out  of  fourteen  cases,  where  the  highest  months  have  been  regis* 
red,  it  has  been  high  in  June  and  July  ten  times,  and  in  ten  cases  has  been 
w  in  December  and  January  six  times.  It  is  like  other  ponds  and  rivers, 
ised  b^  the  spring  freshets,  and  lowered  by  frost  and  drought  of  winter. 
At  this  time  Lake  Superior  is  unusualfy  hieh.  During  the  summer  of  1851 
was  about  three  feet  above  the  general  level  of  1847,  when  it  was  unusually 
w.  Lake  Huron  is  stated  to  have  been  two  and  one-half  feet  higher  at 
e  Detour  light  than  in  1847.  Lake  Michigan  is  reported  to  have  been 
xher  the  past  autumn  than  for  several  years.  The  upper  lakes  being  fiiU 
1st  discharge  a  large  surplus  into  lakes  Erie  and  Ontario,  which  will  be 
t  in  the  coming  spring.  If  we  have  a  cold  and  ,wet  season,  it  will  operate 
that  time  to  assist  the  flood  of  water  firom  the  north  in  raising  Lake  Erie, 
it  is  warm  and  dry,  it  will  coimteract  the  effect  of  a  large  supply  through 
e  Detroit  river.  Instead  of  regarding  the  rise  and  fall  of  water  in  the 
kes  as  a  mvstery,  it  is  rather  to  be  wondered  that  there  is  so  little  fluctu- 
ion.  Their  stability  is  dependent  entirely  upon  the  regularity  of  the  sea- 
ns,  within  the  lake  country,  and  if  there  should  be  a  combination  of  wet 
id  cold  years,  wherein  the  fall  of  rain  should  be  great,  and  the  evapora- 
on  smaU,  there  might  be  a  rise  or  fall  exceeding  any  thing  we  have  on 
KX>rd. 
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TtfJfe  ihrnotng  ike  highest  and  Imest  stage  of  water  in  Lake  Srie^J&f 
each  months  from  August  1845  to  August  1846,  inclusive,  intmi  «< 
Cleveland,  from  Colonel  T.  B.  W.  Stockton's  Meteorological  Buord. 
Zero  of  reference,  the  high  water  of  June,  1838, 


llontlis. 


Time. 


August,  1845. 
September. 

October. 
Kovember. 


December. 

Jitamuff  1846. 

Febntary. 

March. 

Aprfl. 


Hay. 


Jme. 


Jnly. 
Asgost. 


Several  times 

6  a.m.  14tb 

a.  m.  of  6tb  and  m. 
of  24th 

Noon  of  26th 

3dy  6  p*  m. 

24th,6a.m 

Eve  of  2d  and  a.  m. 
of  8d 

Mom  of  19th,  at  4 
a.m.  water  settled 
to  6  ft.  2  in.  B,  for 
a  short  time 

Ist,  morning 

16th,  morning 

27th,  noon 


3l8t,  morning 

10th,  noon 

18th,  morning 

10th,  morning 

2l8t,  morning 

80th,  morning 

7th,  noon 

25th,  noon 

27th,  noon 

80th,  evening 

11th,  evening , 

At  8  p.  m.  5  ft.  6  in. 

B. 
18th,  evening,    and 

19th,  morning. .  .*. . 

8d,  noon 

5th  and  6th, noon.... 

2d,  morning 

20th,  evening 

2l8t,  morning 

80th,  morning 

14th,  morning 

11th,  6  a.  m 

21JBt,  6  a.m 

18th,  noon  [average 

of  the  18th  2  fl. 

0,6  in.] 

80th,  6  p.  m 

At  noon,  8  ft.  2  in. . . 


Winds,  etc. 


wind  southerly. . 
high  south  wind. 


2(1.^  in. 


heavy  north-west. . . . 

light  south-west 

high  north-east 

light  south 


gale  north-east. 


strong  south-west. .  •  • 
gale  north-east.  • . . . . 

breeze  north 

fresh  breeze  south- 
west  • 

high  north-east 

fresh  south-west 

fresh  north 

fresh  north-west 

high  south-west 

fresh  west 

light  west 

heavy  gale  north-east . 

do         do 

do         do' 

heavy  west 


gale  north 

light  south 

light  north-east., 
fi^sh  north-west. 

high  north 

gale  north-east.. 

fr«sh  south 

breeze  north . . . . 

light  south 

light  south 


breeze  north 

breeze  north-east. 


water. 


2  ft.  6in. 
ini  *8in. 


ham 


T^IS^ 


Bft.4iB. 


8  ft.  7  iB. 
BftVlO&Du 


2  ft.  Sin. 


•  •*•  ..«• 


2  ft.  6in. 
2  ft.  6  in. 


4ft.  11  in. 


8ft.5in. 


4  ft.  9  In. 
l4  ft.  10  in. 


8ft.  10  in 
8  ft.  lOin 
4  ft.  Oin.i6it.  lin. 


8  ft.  6  in. 


5  ft.  0  in. 


8  ft.  6  in. 
8  ft.  6in. 


2  ft.  9in. 


2ft.6in. 
2  ft.  6in. 
2  ft.  6  in 
2  ft.  6h). 


2  ft.  6hi, 


1ft.  lom. 


4ft.8in 


5  ft.  Oin. 


8  ft.  9in. 
B  ft.  9  in. 


8ft.4in. 


4  ft.  9in. 


sioDlhh 
diftrnut 


jOitlOia. 


in.1  ii. 


Ift.2 


8ft.O  ii. 


2ft.5  ii. 


lft.5  is. 


liti  n. 

4ft.8  Jk 
lft.0  h. 


lft.6  is. 


Ift-Oii. 


2  ft.  nil- 
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It.b  afypannt  from  this  exhibit,  that  north-east  winds  and*  sales  prevail 
>yer  those  of  any  other  direction,  and  produce  most  uniform  effects  in  heap- 
ng  or  raising  the  waters  at  this  place ;  and  also  that  south-west  winds 
lave  the  contrary  effect,  and  drive  out  and  depress  the  water  of  the  lake. 

Of  twenty-one  cases  of  extreme  high  water  above  given,  eight  are  due 
:o  north-east  winds,  three  to  south  winds,  and  three  to  north-west  winds. 

Of  sixteen  instances  of  low  water,  two  are  connected  with  north-east 
iriadff,  two  with  westerly,  and  five  with  south-west  winds. 

SBgh  water  occurred  oftener  in  the  morning  than  at  noon  or  evening,  and 
:he  same  of  low  water,  which  is  in  consequence  of  the  changes  that  occur  in 
hit  land  and  sea  breezes  near  the  commencement  and  close  of  the  day. 
rhe  water  has  been  high  in  the  morning  (6  A.  M.)  ten  times,  in  the  even- 
ng  five,  at  noon  twice. 

It  has  been  low  in  the  momins;  seven  times,  at  noon  six,  in  the  evening  twice. 

The  greatest  fluctuations  take  place  in  the  morning ;  of  which  the  most 
sxtKme  case  on  these  records  occurred  on  the  morning  of  November  19, 
L845,  after  two  days'  light  breeze  south,  changing  to  high  south-west 
prinds.  The  water  then  rell  twenty  inches  below  the  bottom  of  the  stone 
wbl\\,  or  six  feet  two  inches. 

It  is  apparent,  from  the  column  of  differences  in  the  above  table, 
bow  little  reliance  can  be  placed  on  a  single  measurement,  and  how  neces- 
sary it  is  to  have  a  daily  register,  in  order  to  arrive  at  the  mean  surface  of 
the  lake.  Winds,  not  felt  at  this  point,  may  affect  the  stage  of  water  ma- 
terially. 

My  observations  at  Cleveland  from  1838  to  1851  have  not  been  suf- 
Sciently  numero\vi  or  regular  to  be  of  much  value — they  are  as  follows : 


March  11, 

1841     ' 

ft 

April   14, 

184S    • 

k 

December, 

1845    . 

• 

April    15, 

1846    . 

» 

June    20, 

1850    . 

m 

1851. 

Jan'ry  18, 

» 

June      5, 

» 

*«       15, 

m 

JHly      2, 

10 

A.M. 

6, 

<( 

<C 

«        IS, 

(C 

f( 

"       20, 

C( 

« 

«       22, 

11 

u 

"       23, 

ii 

« 

««       27, 

<c 

<c 

August  8, 

« 

<( 

"       7, 

C( 

ii 

Sept.    19, 

4 

P.M. 

Oet.      1, 

6 

fC 

«        2, 

10 

A.M. 

8, 

« 

« 

«•       Mi 

» 

P.M. 

**  .  S7, 

4 

if 

Below  0  of  Jnt) 

le,  18S8. 

Bemai^ 

2  feet  9  inches. 

2   "    6 

fi 

2   «    5 

<( 

3   "    6 

(C 

3   "    0 

<c 

4   "    1 

u 

1    "11 

« 

calm. 

1    "11 

n 

wind  at  north-east. 

2   «    1 

u 

light  off  shore. 

2   «    1 

ii 

ii            ii 

1    "11 

<i 

wind  at  north-east. 

1    "11 

ii 

west  after  long 
north-east  winds. 

1    "11 

ii 

calm. 

1    "10 

ii 

calm. 

1    "11 

a 

after  strone  W.  wind 

1    "llj 

ii 

wind  off  shore. 

1    "11 

ii 

"    at  west. 

2   "    3 

a 

cajm. 

2   "    3 

ii 

wind  at  north-east. 

2   "    9 

ii 

"   offshore. 

2   "    4i 

a 

calm. 

2   "    5 

ic 

VvtvSi  o?L  tSwxt^* 

2  «    7 

«« 

^^     Ni^^.^'^BMKSr^ 
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IChe  months  of  Jane,  July  and  Au^t,  1851,  as  here  giren,  vary  Ttfcy 
little,  the  average  being  about  two  teet  below ;  while  m  the  corrwpond- 
ing  months  of  1§38,  there  was  a  fall  of  nine  inches.  The  results  of  tlie 
Ckveland  observations  are. 

Mean  annual  difference  of  level  (in  four  best  ascertained  years), 

Greatest  annual  difference  of  level, 

Least  annual  di^erence  of  level, 

Mean  of  observed  fluctuations  within  the  year  (four  best  years), 

Greatest  do.  do.  do. 

Least  do.  do.  do. 

For  1845-6,  the  mean  of  the  greatest  transient  fluctuation  for 

thirteen  months,  as  shown  by  the  daily  record,  arising  from 

winds  and  storms,  within  each  month,  is 
The  greatest  temporary  height,  from  local  and  sudden  causes, 

such  as  storms,  stood  (below  zero). 
The  greatest  depression^  from  like  causes, 


1ft.  Sin. 
2ft.  2in. 
Oft.  Oin. 
2ft.  (Mn. 
2ft.  Sin. 
1ft.  Uin. 


1ft.  Sin. 

1ft.  lOin. 
dft.  OOin. 


Mr.  S.  W.  Hig^ns,  in  the  Michigan  geological  report  for  1841,  has 
given  a  table  of  heights,  referred  to  the  same  zero  as  tnose  of  Dr.  Hough- 
ton in  the  report  of  1838,  but  differing  slightly  as  the  extreme  rise  of 
1838  above  the  depression  of  June,  1819.     It  is  as  follows : 


1838. 
1839. 

1840. 

it 

1841. 


Aug. 

21, 

highest  water 

Jan. 

1, 

minimum  of  that  year 

July 

31, 

maximum 

Jan. 

30, 

minimum 

July 

4, 

maximum 

Jan. 

1, 

minimum 

5  feet  3  inches. 

1 

«    7 

(( 

3 

"11 

€i 

0 

<<   9 

€€ 

2 

«    7J 

(€ 

0 

"    6J 

<C 

Thb  table,  like  the  one  at  Cleveland,  exhibits  a  remarkably  rapid  decline 
between  August  1838  and  the  close  of  that  year. 

Mr.  Higgins  has  also  given  in  detail,  his  measurements  during  the  year 
1840,  referred  to  the  same  zero,  or  the  minimum  of  the  summer  of  1819. 


1840. 

Jan.  30, 
April  25, 
May  9, 
June  8, 
July  4, 
July  22, 
Sept.    1, 

Sept.  13, 
Sept.  20, 


1840. 

0  feet  9  inches."^  Oct.      1, 

2 

2 

2 

2 

2 

2 


2 
1 


CC 

ti 

a 
a 
a 
a 

a 
a 


2 

(( 

Oct.    12, 

3J 

a 

Oct.    29, 

4i 

a 

Nov.  10, 

7i 

a 

Nov.  24, 

4J 

it 

Dec.    10, 

2 

it 

Dec.   21, 
1841. 

n 

ti 

Jan.*     1, 

9 

it 

2  feet  1  inch. 

9|inciMf. 
9     « 

101   " 
6     « 

6J   « 

4j  u 

0 


CC 


6i   '^ 


This  table,  like  that  of  Mr.  Davis,  exhibits  a  regular  falling  of  the  lab» 

from  its  maximum  in  July  to  its  minimum  in  January.    For  1840  as  ffiTfn^ 

above,  the  water  fell  from  two  feet  seven  and  one-half  inches  to  six  andone^ 

iuii/ inches — a  decrease  of  two  feet  one  inch  in  about  six  months; 

reckoning  back  from  July  1340  to  1«u»ax^  \%^>^3DAtikUL^iraa  op^  foot 

nd  piie-Ealf  iuch^.  .       ..     ^        vv^.- 


'*r 
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\imiurments  of  A.  E.  Hatham,  E^q.,  referred  to  the  Water  TMe  0/  the 

Hydraulic  Tower,  Detroit^  as  zero. 


Date. 

Below  lero. 

Remarks. 

Ft9t» 

June,  1819. 

8.46 

Lowest  stage. 

do.  isao. 

6.46 

• 

do.   1836. 

4.79 

1 

do.    1887. 

4.20 

1 

1 

August 

1888. 

8.20 

Highest  known  stage.                     ; 

September 

do. 

8.44 

t 

October 

do. 

4.19 

KoTember 

do. 

6.29 

December 

do. 

6.20 

[Mean  of  fUl  of  1888, 4.25.] 

January  1, 

1839. 

6.86 

Lowest  of  1889. 

June  10, 

do. 

4.77 

July  80, 

do. 

4.62 

Highest  of  1889. 

September  20, 

do. 

6.27 

October  28, 

do. 

6.02 

KoTember  27, 

do. 

6.02 

[Mean  of  1889, 6.68.] 

January  30, 

1840. 

7.68 

Lowest  of  1840. 

April  26, 

do. 

6.27 

May  9, 

do. 

6.19 

May  19, 

do. 

6.28 

Juno  8, 

do. 

6.18 

July  4, 

do. 

6.88 

Highest  of  1840. 

July  22, 

do. 

6.16 

September  1, 

do. 

6.89 

September  18, 

do. 

6.88 

September  20, 

do. 

6.70 

October  1, 

do. 

6.86 

October  12, 

do. 

6.66 

October  29, 

do. 

6.70 

November  10, 

do. 

6.67 

November  24, 
December  10, 

do. 

6.96 

do. 

6.91 

- 

December  21, 

do. 

7.08 

[Mean  of  1840, 6.66.] 

January  1, 

1841. 

7.92 

February  28, 

do. 

7.92 

March  17, 

do. 

7.96 

Lowest  stage  1841.               i 

April  8, 

do. 

7.56 

^ 

May  22, 

do. 

7.66 

* 

June  14, 

do. 

7.46 

Julys, 

do. 

7.03 

August  2, 

do. 

6.61 

Highest  stage  1841. 

September  18, 

do. 

7.48 

October  1,2, 3,5  do. 

8.75 

Low  water  iVom  strong  west  winds. 

October  11, 

do. 

7.78 

November  18, 

do. 

7.75 

[Mean  of  1841,  except  October  1  to 

December  2, 

do. 

7.68 

• 

6,  7.65.] 

1 

January  81, 

1842. 

7.68 

# 

October  24, 

1847. 

6.10 

Harcb  21, 

1849. 

6.28 

[Mean  of  1889  below  1888, 1.88  it 
do.      1840  below  1889,  0. 99  ft. 

Mays, 

do. 

6.68 

do.     1841  below  1840, 1 .  00  ft. 

July  6, 

1860. 

6.68 

[         Tq^ %«.««««^«'^:\ 

C4J 
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At  Black  Rock,  New  York,  we  have,  accoTdinj^  to  the  BidUo  Cwatf- 
cial  Advertiser  of  November  12,  1841,  the  follo^irai^  table  of  comparam : 


MoDths. 

Depth  of  water  on  mitre-aill. 

DapreaaSon  for  1841 
below  1840. 

1840. 

1841. 

May. 

Feet. 
9.88 

Feet. 
8.60 

Fmi. 

Jone. 

9.90 

8.24 

1.86 

July. 

9.88 

7.80 

1.48 

Angost. 

9.40 

7.80 

2.10 

September. 

8.80 

6.76 

1.65 

October. 

8.10 

6.89 

iM 

Mean  1.63  foot. 


The  same  paper  contains  the  sta^e  of  water  for  the  month  of  August) 
from  1820  to  1841,  (with  some  omissions,)  referring  to  the  low  water  of 
the  first-named  period  as  zero. 


Rise  fiom  August  1820,  to  August  1828, 
«      «         «       1828,  "       1830, 

"      "        «*       1830,  "      1836, 

«      "        «       1836,  «      1837, 

i<      «        «       1837,  "      1838, 


Fall  from  August  1838,  to  August  1839, 
«      "        "       1839,  "      1840, 

i<      u        u       1840,  "      1841, 


Ft.  in. 

2  06 

0  00 

1  00 

0  06 

101 

5  01 

Ft.m. 

1  03 

1  03 

1  10 

404 

The  reisults  of  the  various  observations  at  Buffalo  may  ht  siunmed  ap  ^ 
foUows : 


Mean  annual  difiference  of  four  best  ascertained  years, 
Greatest  annual  difference    -  -  -  * 

Least  "  "  -  .  -  . 

Greatest  temporary  fluctuation  within  the  year 
Least  "  "  "  " 

JRTean  fluctuations  **  "  - 


0.89 

isa 

0.37 
2.64 
0.80 
1.40 
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It  may  be  thought  that  the  observations  are,  at  this  time,  sufficiently  nu- 
merous and  accurate  to  warrant  the  construction  of  a  general  table  of  levels 
for  the  last  fifty  years.  If  this  could  be  done^  it  would  have  very  much  re- 
duced the  length  of  this  chapter;  but  there  are  so  many  discrepancies  be- 
tween the  difierent  registers  which  I  cannot  at  present  reconcile,  that  I  have 
thought  it  best  not  to  attempt  to  fix  a  general  zero  or  plane  of  reference. 
A  general  and  well  arranged  system  oi  synchronous  observations,  kept  up 
(or  some  years  at  different  points  on  the  lakes,  is  needed  before  a  complete 
comparison  can  be  made. 

K  we  follow  the  register  at  Black  Rock,  the  water  was  four  inches  higher 
in  Au^st,  1838,  than  in  June ;  while  at  Cleveland,  on  the  other  hand,  it 
was  mne  inches  lower.  At  Black  Rock,  in  August,  1841,  it  was  within 
nine  inches  of  the  lowest  known  level,  that  of  1819;  but,  at  the  same  time, 
it  was  not  so  low  at  Detroit  as  in  August,  1819,  by  one  foot  ten  inches. 

The  average  fall  of  the  water  at  Detroit  for  the  year  1841,  was  one  foot; 
at  Black  Rock  the  average  fall  from  May  to  October  of  the  same  year,  was 
1.63  feet;  which  is  even  less  than  it  would  have  been  for  the  entire  year. 

The  average  of  the  summer  months  of  1840,  at  Detroit,  was  two  feet 
ten  inches  above  the  level  of  1819,  and  at  Black  Rock,  two  feet  two  inches ; 
thus  showing  a  difference  of  eight  inches  in  the  amount  of  rise  at  the  two 
places  during  the  same  period. 

By  using  the  observations  which  were  made  at  Cleveland  and  Detroit 
during  the  months  of  September,  October,  November  and  December,  we 
might  determine  the  difference  between  the  zeros  of  those  two  places,  pro- 
vided that  the  rise  and  fall  of  the  river  and  lake  were  equal. 

Thus  the  observations  for  four  months  at  Detroit,  according  to  Mr.  Ha- ' 
than,  give  for  the  level  of  the  water  at  that  place,  four  feet  six  inches  below 
zero ;  the  observations  at  Cleveland  for  the  same  period,  give  an  average  of 
one  foot  one  inch  below  the  zero  of  that  place;  making  the  zero  of  Cleve-  - 
land  three  feet  five  inches  below  that  of  Detroit. 

According  to  the  observations  made  by  Mr.  Lathrop  and  myself  during 
the  months  of  June  and  July,  1851,  at  a  time  when  the  lake  was  little  dis- 
turbed by  winds,  the  average  level  of  the  water  was,  at  Buffalo,  9.41  feet 
above  the  zero  of  that  place,  and  at  Cleveland  2  feet  below  the  zero  of 
that  city ;  making  the  zero  of  Cleveland  11.41  feet  higher  than  that  of 
Buffalo. 

But  if  we  reduce  the  observations  at  Black  Rock  to  the  standard,  we  find 
that  the  low  water  of  October,  1841,  was  below  the  level  of  1819,  when  it 
is  universally  agreed  that  this  was  the  lowest  known  stage.  Mr.  Lathrop 
remarks,  that  the  depth  of  water  on  the  mitre-sill  of  the  guard-lock  at  Black 
Rock  is  very  much  influenced  by  the  mills  which  are  fed  from  that  basin. 
The  records  show  that,  from  some  cause,  the  fluctuations  are  greater  at 
Black  Rock  than  at  either  Cleveland  or  Detroit,  so  that,  whatever  may  be 
the  cause  of  the  error  or  difference,  the  registers  at  the  eastern  extremity  c^ 
the  lake  are  not  a  safe  index  of  the  level  of  the  water  elsewhere.  The  fall 
at  Black  Rock  from  August,  1838,  to  October,  1841,  was  five  feet  nine ' 
inches ;  while  at  Detroit,  it  was  only  three  feet  four  inches  during  the  same 
period.  Cleveland  is  better  situated  than  Buffalo  for  the  purpose  of  regis* 
tering  accurately  the  fluctuations  of  the  lake ;  for,  while  the  former  city 
is  nearly  midway  between  its  two  extremities,  and  opposite  its  widest  part ; 
tide  latter  city,  on  the  other  hand,  is  placed  at  the  vertex  of  a  triangle  iormcd 
\ay  Uie  sides  of  the  Uke,  and  at  its  tasteni  extiexsat;^ ,  «id  \^\  ^^  ^a^x^Ts^^vs;^ 
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crowded  by  a  south-west  wind  inter  a  constantly  narrowing  space^  and  0/ 
course  rise  higher  than  thej  would  Otherwise  do.  Thus,  during  a  gale, 
which  blew  down  the  lake  on  the  night  of  the  iSth  of  October,  1849,  the 
water  rose  fifteen  feet  six  inches  above  the  point  to  which  it  fell  during  an 
easterly  gale,  on  the  18th  of  April,  1848,  The  greatest  sudden  change 
noticed  at  Cleveland,  was  Novembe^  19th,  1845,  -when  the  water  fell  2.5 
feet  At  Chicago  the  level  of  the  lake  is  said  to  have  oscillated  through  a 
space  of  four  feet  during  twenty-fouf  hours,  in  June,  1851. 

The  greatest  range  of  one  mohth  at  Cleveland,  was  in  August,  1845,  when 
the  difference  between  the  highest  and  lowest  stage  of  Water  was,  according 
to  Colonel  Stockton's  tables,  two  feet  eleven  inches.  The  greatest  range  of 
the  fluctuations,  in  1845  and  1846,  was  three  feet  three  inches.  The  regis- 
ters of  Colonel  Stockton  and  Mr,  Lathrop  show  that  the  greatest  oscillations 
of  the  lakes  are  due  to  south-westerly  and  easterly  vfinas ;  but  thest  windy 
depress  the  water  at  Cleveland,  while  they  raise  it  at  Detroit. 

If  our  materials  were  sufficiently  ample  to  enable  us  to  form  a  general 
table,  expressing  the  mean  monthly  stage  of  the  water  for  an  uninterrupted 
series  of  years,  the  annual  rise  and  fall  could  easily  be  exhibited  by  curves 
constructed  upon  the  measurements  as  ordinates.  The  relations  between  the 
observations  at  Detroit,  Cleveland  and  Buffalo,  are,  however,  as  yet  too  im- 
perfectly understood,  and  the  registers  are  incapable  of  being  reduced  to  one 
plane  of  reference.  They  are  here,  therefore,  collated  and  arranged  for 
future  use ;  but  before  leaving  the  subject,  I  will  draw  up  a  tabular  state- 
ment, showing  the  time  of  the  year  when  high  or  low  water  has  been  ob- 
served, and  the  amount  of  the  annual  rise  or  fall  for  the  few  years  covered 
by  the  registers. 

Table  showing  the  ani.ual  Rise  and  Fall  of  Lake  Erie. 


Dat«. 


t«87* 
1887. 
1888. 
1838. 
1839. 
1880. 
1840. 
1840. 
1841. 
18*1. 
1842. 

m^i 

1846. 
1850. 
i861i 


High  water  mo&thi 


I   <i  n 


June... 
June... 
August. 


July... 
July.*.'.* 
Aagust 


Jime. 
Juiy.' 


Low  water  month. 


January, 


January. 
January, 


Jau.,  Feb.  and  March.. . 


December,  January . 
March 


NoTember 


Greatest  differ- 
ence. 


TKT 


8 


8 


Ineku, 


11  rise. 


8ikU... 


2  tall... 


Ifall... 


OfkU... 


7  rise. . 


Plaee. 


Cleveland  4 
Cleveland. 
Cleveland* 
Detroit. 


Detroit. 
Detroit. 
Detroit. 
Detroit. 
Detroit^ 

Cleveland. 


8  rise..    Buffalo. 


Now  it  does  not  follow  that  if  observations  bad  been  taken  at  all  these 
places  since  1837^  the  time  of  high  and  low  water  of  each  year  would  have 
oeen  the  same^.at  each  placci  or  even  that  it  would  have  fallen  in  the  same 
month.  There  are  many  circumstances  to  be  consideredi  such  as  the  un- 
e^uai  amount  of  water  received  and  discharged  by  each  lake ;,  the  different 
vmds  and  the  opposite  ^S^\  oi  t\)i^  a%n^  Vo^.  \>Wv$!k%  ^^^^t  the  different' 
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SO  iliat  it  1$  eviaent  that  there  must  he  undulations  of  level  and  aoca* 
ions  of  water  at  one  point,  for  days  or  weeks  together.  A  south-west 
sweeping  over  Lakes  Michigan,  Huron  and  Erie  operates  quite  differ- 
upon  their  surfaces.  While  it  accelerates  the  discharge  of  the  water 
Lake  Erie,  and  lowers  the  surface  of  that  lake  at  its  western  end,  it 
s  at  the  same  time  the  flow  from  Lake  Huron  ;  thus  operating  in  a 
)ld  manner  to  depress  its  surface.  A  nofth-east  gale,  on  the  other 
forces  hack  the  water  of  Lake  Erie  and  increases  the  discharge  of 
Huron,  so  that  there  is  a  corresponding  rise  of  the  water  at  the  west- 
Ktremitv  of  the  former  lake.  Neither  do  all  the  lakes  reach  their 
lum  height  at  the  same  time,  but  successively,  according  to  the  com- 
action  of  the  various  meteorological  causes. 

reneral,  the  great  lakes  rise  and  fall  nearly  together;  but  not  abso- 
at  the  same  time,  nor  by  an  equal  amount. 

s  apparent  from  these  statistics  that  there  is  no  foundation  for  the 
ir  belief  that  there  is  a  rise  and  fall  of  the  lakes  during  a  period  of 
en  years.  Between  1796-8  and  1819-20,  a  period  of  twenty  years, 
was  a  gradual  depression  and  rising  of  the  lakes.  From  lol6  to 
-20,  the  waters  fell  to  a  lower  level  than  even  their  previous  stage  of 
ssion.  From  1819-20  to  1838,  a  period  of  eighteen  years,  there  was 
dy  increase  of  elevation,  when  the  water  attamed  its  greatest  known 
t.  The  lowest  stage  of  water,  since  that  time,  occurred  in  October 
which  was  less  than  three  and  a  half  years  after  the  preceding  great 
ssion. 

person,  who  examines  the  daily  registers,  will  find  any  grounds  for 
!uef  that  there  is  in  Lake  Erie  a  daily  or  limar  tide,  like  fliat  of  the 
. 

before  remarked^  the  causes  which  produce  changes  in  the  levels  of 
kes  are  the  same  as  those  which  influence  other  collections  of  water ; 
s,  the  ever-varying  amount  of  rain  and  evaporation.  The  records  of 
lin-gauge  throughout  the  north-west  are  yet  too  meagre  to  enable  us 
:erimne  the  amount  of  falling  water  over  the  basins  of  these  lakes ; 
will  avail  myself  of  such  materials  as  are  in  my  possession. 
>m  the  rain-gauge  kept  at. the  Pennsylvania  Hospital,  we  derive  the 
ring  results . 

1810  (low  water)  to  1815,  (high  water)  5  years        -  185.68  inches. 

37.13      « 

1615  (high)  to  1819,  (low)  5  years  -  -  161.14     « 

.  30.23     " 

1827  to  1837,  (high)  11  years        -  •  -  451.05     •* 

-  •  .  -  41.00     " 

>m  the  fain-^alige  kept  by  Dr*  Hildreth  at  Marietta,  Ohio,  we  gather 
illpwitig  results : 


1819  (low)  to  18§3,  (rising)  5  years  -  -  202.83  inches. 

-  -  .      40.56     " 

1828  to  1832, 5  years        -  -  -  -  228.17     " 

-  ..  .  -  .  -      45.63      'f 


■M»> 
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From  the  observations  of  the  army  surgeons,*  "we  derive  the  following 

results : 

Dearbomville  Arsenal,  near  Detroit,  mean  annual  fall  of 

rain  for  1836-8  and  '9,  3  years,  mean  -  -      31 59  inchct. 

Fort  Brady,  at  Saut  Ste.  Marie,  1837-8  and  *9,  3  years, 

mean  -  -  -  -  -  -      31.89      ** 

Fort  Howard,  Green  Bay,  1836-7-8  and  '9,  4  years, 

mean  ..-.--      38.33     ** 

Fort  Winnebago,  Wisconsm,  1837-8  and  '9,  3  years, 

mean  -  -  -  -  -  t      31.88     " 

The  following  is  a  transcript  of  the  rain-gauge  kept  at  the  Western  Re- 
serve College,  Hudson,  Ohio : 

1838-9  and '40,  mean 34.115  inch. 

1841 28.431  « 

1842 36.114  « 

1843 26.736  " 

1844 35.730  « 

1848, 1849, 1850,  mean  of  three  years,  -  -  39.365  « 

The  difficulty  of  making  exact  comparisons  between  the  stage  of  water 
in  the  great  lakes,  and  the  amoimt  of  falling  water  from  the  clouds,-ari9et 
from  the  want  of  rain-gauges  in  the  North-west,  previous  to  the  high  water 
of  1838.  Those  of  Philadelphia  and  Marietta  being  out  of  the  valley  of 
the  St.  Lawrence,  are  not  a  certain  guide  in  determimng  the  account  of  rain 
which  fell,  within  those  periods,  in  the  region  of  the  lakes. 

The  observations  at  Hudson,  and  at  the  various  military  posts,  do  not 
extend  back  sufficiently  far  to  enable  us  to  draw  certain  conclusions.  For 
periods  of  five  yeais,  there  must  be  a  similarity  between  the  seasons  of  the 
lake-country  and  of  Philadelphia.  From  the  low  water  of  1810  to  the 
high  water  of  1814-15,  there  fell,  in  Pennsylvania,  34.54  inches  of  rain 
more, than  for  the  years  from  1815  to  1819.  If  this  be  true  of  the  lake- 
region,  the  only  wonder  is  that  the  rise  of  water  was  not  greater.  The 
area  drained  by  the  lakes  is  estimated  as  being  four  times  as  great  as  their 
surface,  and  the  amount  of  Water  poured  into  them  by  their  various  afflu- 
ents, unless  checked  by  evaporation,  would  raise  their  surface  twelve  feet. 

The  mean  of  the  eleven  years  prior  to  the  flood  of  1838  is  very  laree, 
being  forty-one  inches,  or  eleven  mches  per  annum  greater  than  that  of  3ie 


rage  of  43.2  inches — a  very  large  increase. 

The  great  rise  of  1838  is  due  to  causes  which  operated  in  1837  and 
years  preceding,  so  that  the  reports  of  the  army  surgeons  are  divided  in  point 
ftf  time ;  the  years  1838  and  1839  belonging  to  a  declining  stage,  while 
those  of  1836  and  1837  belong  to  an  advancing  stage. 

The  records  of  Professor  Loomis,  and  his  successors  at  Hudson,  begin  in 
1838,  with  the  flood  of  that  year,  and  continue  with  some  intertmssioni  to 
ihc  present  time.    The  lowest  stage  since  1838,  happened  in  1841.    The 
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1  of  tliese  four  jeMi  is,  for  Hudson,  31.27  inches,  ivhich  is  a  foot  per 
lower  than  that  for  ten  years  prior  to  1838,  at  Marietta.    The  m^an 

iiree  years  since  1841,  is  32.86  inches,  and  from  1848  to  the  present 
39.36  inches,  showing^  a  large  increase,  amounting  to  nearly  seven 

es  per  annum.    For  this  period  the  measurements  of  the  lake-surface 

too  imperfect  to  enable  us  to  estimate  the  actual  rise. 

D  Lake  Superior  the  years  1845-6  were  unusually  dry,  and  in  1847  that 

had  reached  a  very  low  stage  of  water.    The  years  1849-50  were  in 

re^on  wet,  and  the  lake  as  a  necessary  consequence  is  now  (1851) 
high ;  that  is,  from  three  to  three  and  one-hall   feet  above  the 

1  of  1847. 
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CHAPTER  XX. 

MAGNETIC  VARIATIONS.  — COMPARISON  OF  TERRESTRIAL  AND  ASTRO. 

NOMICAL  MEASUREMENTS. 

BY  CHARLES  WHITTLESEY. 

General  Remarks  on  the  Duties  of  the  linear  Surveyors.  —  Extent  oj  the 
public  surneyed  Lands,  —  The  Solar  Compass,  —  Explanation  oJ  the 
Method  adopted  in  the  linear  Surveys,  —  Convergence  of  Meridians,  — 
Magnetic  Variations  in  Michigan,  —  In  Wisconsin.  —  Remarks  on  the 
Variations  in  Michigan.  —  Comparison  of  astronomical  and  terreS' 
trial  Measurements. — Errors  to  which  the  linear  Surveys  are  liable.'— 
How  compensated.  —  Meridian  and  base  Lines.  —  Their  geographical 
Position.  —  Correction  Lines.  —  Particular  comparisons  of  Measure^ 
ments.  —  Convergence  of  range  Lines. 

Having  had  occasion  to  pass  for  many  hundred  miles  along  the  surveyed 
lines  01  tne  public  lands  in  Michigan,  Wisconsin,  Iowa,  and  Minnesota, 
and  to  observe  the  practical  workings  of  the  present  system  of  surveys,  I 
deem  it  not  out  of  place  to  devote  a  chapter  to  their  examination.  The 
records  of  surveys  in  these  States  have  frequently  been  submitted  to  my  in- 
spection by  the  surveyors-general  in  charge,  and  I  have  frequently  met  with 
the  deputy  surveyors  engaged  in  their  toilsome  labors,  in  the  depths  of  the 
forest,  remote  from  civilization,  carrying  their  instruments,  camp  equipage, 
and  provisions  on  their  backs,  through  places  where  neither  horse  nor  canoe 
could  penetrate,  and  have  thus  had  occasion  to  admire  their  perseverance 
and  fortitude.  In  these  expeditions,  they  are  frequently  buried  for  a  whole 
season  in  the  forest  —  far  from  human  settlements,  sometimes  short  of  pro- 
visions, and  always  destitute  of  what  are  called  luxuries ;  their  clothing, 
especially  towards  the  close  of  the  season,  in  shreds,  and^  to  an  observer 
from  a  civilized  region,  they  present  an  aspect  by  no  means  attractive.  I 
have  seen  them  under  circumstances  which  required  great  promptness  and 
energy,  and  have  generally  observed  that  they  possessed  inflexible  integrity 
in  fiufilling  their  contracts,  where  there  were  many  discouragements  and 
many  temptations  to  slight  their  work. 

There  are,  however,  a  few  cases  where  fictitious  field-notes  have  been 
returned ;  but,  when  we  consider  the  number  of  persons  engaged  in  this( 
service,  and  the  slight  supervision  to  which  they  are  subjected,  as  well  as\ 
the  inadequacy  of  their  compensation,  particularly  in  regions  where  timber  \ 
aboimds,  they  may  be  regarded  as  among  the  most  scrupulous  and  merito- 
rious of  public  officers.  Miiny  of  them  possess  mathematical  attainments 
of  a  high  order,  great  general  intelligence,  and  a  degree  of  fortitude  and 
perseverance  which  should  command  respect. 

Having  traversed  the  field  of  their  labors  and  inspected  their  notes,  I 
propose  to  institute  a  comparison  between  thevx  results  and  those  obtaiued 
Dj  astroDomical  observations. 
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I  diall  ^ntj  koirever,  present,  with  little  or  no  comment,  a  series  of  mas- 
b^e  observations  taken  along  certain  meridians  and  base  lines,  or  parallels 
of  latitude,  tiirhich  intersect  each  other  in  squares  of  about  sixty  miles. 
They  will  be  useful  as  illustrating  the  intensity  of  magnetic  forces,  and  of 
practical  utility  to  those  who  may  be  commissioned  to  make  the  subdivisions 
mto  sections.  The  annual  change  in  variation  can  thus  be  fixed ;  and  they 
will  serve  as  a  standard  of  reference  hereafter.  Those  taken  by  Burt  s 
Solar  compass,*  which  includes  most  of  those  given  since  the  year  1839, 
may  be  regarded  as  reliable. 

The  surveys  of  the  public  lands,  west  of  the  Alleghany  Mountains,  ex- 
end  over  an  area  greater  than  that  of  any  other  surveyed  portion  of  the 
[lobe,  and  if  all  the  data  repecting  the  variations  of  the  needle  were  col- 
ected,  thev  would  afford  a  mass  of  facts  worthy  of  reliance  and  unequalled 
y  any  collection  thus  far  made.  The  parallels,  or  lines  of  equal  variation, 
s  the  United  States,  could  then  be  laid  down  for  the  present  period  with 
;reat  accuracy. 

Those  who  study  the  seported  variations  for  the  State  of  Michigan  would 
Id  well  to  bear  in  mind  that  the  Upper  peninsula,  west  of  Chocolate  river, 
s  a  region  of  great  local  disturbance ;  and  that  the  surveys  on  the  Lower 
leninsula,  below  tiie  second  correction  line,  were  not  made  with  the  Solar 
^mpass,  and  that,  therefore,  the  results  must  be  taken  with  some  grains  of 
lUowance. 

The  rectangular  system  of  surveys,  adopted  for  the  first  time  by  the  Uni- 
ted States  in  1785,  on  the  recommendation  of  Thomas  Hutchings,  is  so  sim- 
ple that  the  position  of  any  surveyed  township  or  section  is  known,  at  once, 
by  reading  the  letters  and  figures,  cut  upon  the  witness  and  bearing  trees. 
E!ach  township  of  six  miles  square  has  a  number  different  from  every  other ; 
ind  to  follow  the  variations  given  below,  from  point  to  point,  it  is  only 
lecessary  to  take  the  meridian  as  a  starting  line,  when  reckoning  east  or 
vrest ;  and  the  base  when  reckoning  north  or  south.  Numbering  Uie  town- 
ships north  or  south  from  the  base  line,  they  are  called  Towns  ;  number- 
ing east  or  west  from  the  meridian,  they  are  called  Ranges.  Thus,  T.  20  N., 
El.  10,  E.,  indicates  a  township  one  hundred  and  twenty  miles  north  of  the 
lase  line  and  sixty  miles  east  of  the  meridian. 

The  latitudes  and  longitudes  are  not  intended,  as  here  given,  to  he 
luthority,  unless  the  name  of  the  observer  is  indicated  ;  they  are  necessary, 
lowever,  to  a  full  understanding  of  the  position  of  the  compass,  when  the 
irariations  were  noted ;  but  are  generally  derived  from  maps,  or  astrono- 
mical observations.  So,  too,  tne  length  of  most  of  the  lines  given 
lias  been  derived  from  maps,  unless  the  length  be  given  in  miles  and 
shains,  or  used  for  the  express  purpose  of  deducing  longitudes  by  measure- 
nent,  in  order  to  compare  with  the  reported  astronomical  resitlts..  These 
iistances  should,  therefore,  be  regarded  only  as  near  approximations,  and 
lot  as  strictly  accurate. 

*  This  ingenions  instnxment,  invented  by  Willi&m  A.  Bnrt,  of  Motmt  Ternojl,  XtcUllgan, 
iboQt  the  year  1836,  does  not  appear  to  have  attracted  the  attention  which  it  meritif.  It  is 
reO  known  that  the  magnetic  needle  is  everywhere  subject  to  many  flnctnations,  regular  and 
rregular,  and  that  it  wiU  not  mark  a  straight  line.  In  the  rongh  regions  of  the  norSi,  where 
'h»  igneoos  rocks  themselves  often  contain  magnetic  oxide  of  iron,  and  where  there  are 
immense  deposits  of  iron  ore,  often  magnetic,  a  common  compass  is  fbequently  entirely  use- 
less. Transcripts,  which  are  given  below,  show  variations  of  80^,  46*',  and  ereti  ITS*',  in 
the  distance  of  half  a  mile.  Without  the  Sdar  compass  the  reg|loa  could  not  Im e  been 
iiirn»70d,  «icc!pla^  «,c<w^  ezceediog  the  yalu^  of  the  Ui4* 
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To  provide  for  the  convergence  of  the  meridional  or  range  lines,  the  first 
rbw  of  townships  north,  on  a  base  or  correction  line,  is  made  more  than  six 
miles  broad,  east  and  west;  ttus  excess,  generally  amounting  to  about  three 
chains,  is  not  the  same  in  all  latitudes,  and  even  in  the  same  latitude  is 
not  made  equal  by  all  surveyors.  The  last  row  to  the  north,  or  next  south 
of  the  correction  line  (sixty  miles  northward)  will  be  less  than  six  miles, 
by  about  the  same  quantity,  only  a  few  of  the  townships  that  are  midwaj 
being  exactly  six  miles  in  breadth. 

With  these  prefatory  remarks,  we  proceed  to  give  the  variations  furnished 
by  the  Surveyor  Greneral  at  Detroit,  for  the  State  of  Michigan. 


VAKIATIONS  IN  KIGHI6AN. 

Variations  on  the  Meridian  of  Michigan. 

Lob.  Si^  W  9''  Vf.  (nearly)  connting  sonth  from  Base  LiiM. 

1824  —  1825. 


2 
8 

4 


V.  4*»  26'  E. 
40  26' 

4026' 
40  40^ 


T.6S. 
6 
7 
8 

49  milet  to  Ohio  State  Line. 


V.  4*>  W  B, 
40  86' 
40  86' 
40  86' 


North  of  Base  Line  to  First  Correction  Line,  1826  — 1831. 


T.IN. 

V.4<>26'E. 

2 

4^26' 

8 

4026' 

4 

4026' 

6 

4«>26' 

T.    6N.  V.40  66'E. 

7  s^ec 

8  8°  05' 

9  8«06' 
10  8°  06' 


Principal  Meridian  between  First  and  Second  Correction  Lbe,  1831-3, 

120  miles  north  of  Base  line. 


T.  11  N. 

V.  80  B. 

12 

8<» 

18 

8° 

14 

8<» 

16 

8« 

T.  16  N. 

V.  8^        E. 

17 

2'' 66' 

18 

2«>66' 

19 

2<»66' 

20 

8«>10' 

Principal  Meridian  from  Second  Correction  Line  to  Lake  Huron, 

1837  —  1840 


T.  21  N. 

V.  20  40'  E. 

22 

2^66' 

28 

2«'66' 

24 

sooc 

26 

20  66' 

26 

2046' 

27 

2^60' 

28 

2<»66' 

» 

V'W 

^'' 


*• 

/ 


•  t     .  '•  «■         «« 


\ 


T.80N. 

V.  2<>  66'  E 

81 

S^IC 

82 

8°  06' 

88 

8^16' 

84 

S^W 

86 

2^66' 

86 

2<>80' 

^ 

S^W 

«^ 

v^y^  . 
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T.  41  N. 
42 
48 
44 


'• » - 


Principal  Meridian     Solar  Compaas,  1840. 


V.  l^SCE. 
P4(K 

2®  W 


T.  46  N. 
46 
47 


Te  Lake  Superior,  280  miles. 


1O20' 


Base  Line  of  Michigan  —  East  of  Meridian^ 


Lat42' 

»30'-N. 

R.1E. 

V.  4'^  40'  E. 

R.   9£. 

V.  4®  ay  K 

2 

hPW 

10 

4040. 

4°  40' 

11 

4<»40' 

40  40' 

12 

4040. 

404^/ 

18 

40  JCK 

4'' 80' 

M 

4039/ 

4«>80' 

16 

4019/ 

8 

4^80' 

9 

To  Detroit  River. 

• 

Base  Line  of  Michigan  —  West  of  Meridian. 

1825—31. 


R. 


IW. 

2 

8 

4 

6 

6 

7 

8 


V. 


»  IB' 


% 


40  26'  E. 

R.9W. 

40  80' 

10 

4<»40' 

11 

4046' 

12 

4«»46' 

18 

4°60' 

14 

40  66' 

16 

40  40' 

16 

17 

To  Lake 

Michigan. 

V. 


4<>40'B. 

e^^oo' 

6^  SO' 
6^60' 
60  80^ 
6^20 

6<»ia 

6*80' 


First  Correction  Line — East  of  Meridian. 

1822—39. 


Latitude  48<'  22'  K. 


V. 


V  IC  E. 

R.   9E 

SOOO' 

10 

8*>00' 

11 

SO  80' 

. 

12 

SOl^' 

18 

if  go< 

14 

16 

4^06' 

ToLakt 

16 
iHllXOB. 

'> 

,    «•. 

1.       -^ 

•• 

r. 

V.  8°  40^  S. 

8<»86' 

8«86^ 

S'SC 

8*>60' 

20  8^ 

2*66' 

VW 

\t 
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First  Correction  I^ine — West  of  MeridUii4 


1831—37. 

B.IW. 
2 
8 
4 
6 
6 
7 
8 
9 

V.  80  00'  E. 
80  00' 
8O00' 
8^86' 
80  20' 
80  16' 
8O20' 
80  26^ 
80  46' 

R.  low 
11 
12 
18 
14 
16 
16 
17 
18 

T.80  26'«. 
804O' 
80  26' 
804O' 
80  46' 
8047' 
8O6O' 
600O' 
80  66' 

• 

To  I^ako  MichigBn4 

- 

Second  Correction  Line — East  of  Meridian* 

Latitude  44o  14'  N. 

• 

1838  and  1846. 

• 

R.IE. 
2 
8 

4 

V.  2*  6^  £.        2«>  40'  E. 
2o  46'             2®  80' 
2o  86'             2o  80' 
20  26'             2<>  10' 

R.6E. 
6 

7 

V.2oi6'E.        2oiO'E. 
20  10'             20  06' 
20  00'             2°  06' 

To  h9kB  Huron. 

Second  Correction  Line — ^West  of  Meridian. 


1837- 

-1849. 

R.1W 

V.  80  00'  E. 

R.  10  W. 

V.  80  SC  E.  1838. 

2 

8^00' 

20  66'      1889. 

8 

8*00' 

n 

40  00'      1888. 

4 

20  66' 

20  41'      1849. 

6 

8°  20' 

12 

80  80'      1887. 

6 

8^80' 

. 

40  IC      1S48. 

7 

40  OC 

18 

8*  SC      1889. 

8 

40  00' 

80  16' 

9 

40  00'  1888. 

14 

80I6' 

80  41'  1849. 

16 
16 
17 

30  16' 
SO  00* 

To  Lake  MichigaD. 

Third  Correction  Line  —East  of  Meridian* 

L»t.  460  2'  N. 

■ 

1840. 

11.1  fe. 

V.  2°  Z(y  E. 

R.  6.  £•  '. 

V.2O20'E. 

2 

20  6^ 

6 

20  06': 

8 

2O60' 

7 

10  86' 

4 

20  26' 

I               8 

0046' 

ToLi^LQBnrau. 

* 

B.  IW. 

2 
8 

4 
5 
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Thitd  Correction  Line --« West  of  MeHdian* 

1839  —  1840 
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V  8«  00'  E. 
8^06' 
8<>10' 
8oifi' 
8«26' 


R.6W. 
7 
8 
9 


To  Like  MioUgaa. 


V.  8«  20'  E. 
8«26' 
8<»16' 
8«80' 


Between  Townships  41  and  42,  north  -^  East  of  Meridian. 


Lat.46< 

=>M' 

N. 

1840. 

.IE. 
2 
8 

i 

V.  (y*  40'  E. 
0^80' 
0<»2»' 
0*»  26'  W. 

R.6E. 
6 

7 
8 

V.  0<»  10'  W. 

0«00' 
0O20' 

To  St.  Miiy"!  River. 

Between  Townihips  43  and  43,  north — West  of  Meridian. 

1840. 


R.IW. 

V.  2o  W  E. 

R.6W. 

V.  8«  26'  E. 

2 

2«85' 

6 

8*40' 

8 

2O60' 

7 

8^46 

4 

20  40^ 

8 

8®  46' 

urth  Correction  Line — West  from  Lake  Michigan  to  boundary  between 

Michigan  and  Wisconsin. 


Lat.  46®  52'  N. 

Solar  Compass,  18^^ 

B.  16  W. 

V.  8°  20'  E. 

R. 

17 

40  26^ 

18 

4<>80' 

19 

4«20' 

i 

20 

40  10' 

i 

i 

21 

6^80' 

i 

4 

22 

6«  80'  to  24°  10' 

28 

24°10'to   6«86' 

R.24W.    V.  2«  SO' E  to  6®  06' B. 


26 

26 
27 
28 
29 
80 

Length  of  line  90  miles. 


^  E.  to  24^  W.  tad  from 

24<>  W.  to7O40'E. 
1°  80'  W.  to  6^  80'  E. 

Flnctnating.f 
6^  00'  £.  avenge. 

e^^oc  * 

6°  OC  average. 


Variation  increasing  and  decreadng  regnlarly. 

Variation  very  fluctuating.    Sec.  86,  V.  28°  W.  to  164°  W.  or  S.  26°  W.,  176<>  W., 
W.    Sec.^,  V.  86°  E.,  28°  SC  E.    Sec.  84,  V.  16°  E.,10^  46'E. ,  Sec.88,8«16' 
See.  82  and  81,  V.  7°  and  7°  40' £. 
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FiAK  Correction  Liiie — QoiAg  yrtfUt, 

LU.  4««  48'  N. 

1844. 


S.26W. 

V.  6*»  17'  E. 

R.88W. 

^.••48'B. 

27 

5<>28' 

87 

60  lO' 

28 

5<>  18' 

88 

60  10' 

29 

6«86' 

89 

80  46^ 

80 

5*80' 

40 

6*00' 

81 

e^ir 

41 

4046' 

82 

60  OC 

42 

70  OQ. 

88 

6«»00' 

48 

8<>10' 

84 
88 

6O80' 
6»8(K 

44 

9*80' 

To  Lik«  Sitj^or— DSSU&C4 114  mOat. 


VARIATIONS  ON  MERIDIAN  LINES.— UPPER  PENINSULA  OF  MICHI6AK. 

South  from  Fourth  Correction  Line  between  Ranges  26  and  27  W. 

Solar  Compass,  1847. 

T.  40  N.  V.  8°  26'  E.  to  6®  80' 

89  14*>  15'      to  6®  45' 

88  e"*  80' 

87  4®  16' 

166  milM  west  of  meridUn. 


T.  86  N. 

V.  6°  40'  E. 

85 

4^66' 

84 

40  80' 

88 

6*00' 

From  boundary  line  North  to  Fifth  Correction  Line,  between   Ranee 

33  and  83  W. 


T.  42  N. 

V.  6<>  10'  E.  to  8®  80' 

T.46N, 

VI «>  85'  E.* 

48 

6«  05'      to  70  40' 

47 

.60  ly 

44 

150  00'      to  9°  40'  W. 

48 

6O00'to8«20' 

46 

*oiO' 

49 

6<»  SO'  to  70  85' 

50 

60  66'  to  6<>  10' 

To  Lake  Snperior 

or  Keweenaw  Bay. 

• 

From  Fifth  Correction  Line  north  between  Ranges  3    and  34  W. 

1844. 


T.  61 N, 
62 
68 


V.  60  00'  E. 
6O8O' 
40  40' 


T.54N. 
55 
66 


V.  6®  16'  E. 
40  20^ 
80  07' 


To  Lake  Superior  or  Keweenaw  Point. 


*  llaotoatUigto^^  W'?^.\xi^\AiimT\&i%^Vy>80'C, 
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magnt:tic  variations  in  Wisconsin. 

(JPram  the  Surveyor's  returns  at  the  office  of  tkr.  Surveyor^Geiteral  at  Duhuque*) 

>urth   principal   Meridian,  counting  northward   from   the  base  line  or 

northern  boundary  of  Illinois^ 

Longitude  of  Meridian  abont  90<^  82'  18''  W. 
Latitude  of  base  line  about  42^  80'  N. 


T.  1  N.  V.  9°  26'  E.  1832. 
2  9°    6' 

8  9^ 

4  8^  SC  to  9°  26' 

6  9«  16' 

6  S'^SS' 

7  s^ec 

8  8®  80' 

9  S^'  42'      1889. 

10  8^40' 

Fint  Correction  line  flrom  Illinois  line. 

11  9°  88' 

12  g*'  40'  1889. 
12  90  10'  1846. 
18  9°  40'  1889. 
18  90 11'  1846. 
14  8«>69'  1889. 

8°  10'   1846. 

16  80  86'   1889. 
S*'     1846. 

18  8«>  86'   1889. 
8«  16'   1847. 

17  S^  86'   1889. 

18  8°  86' 

19  80  86' 

20  S"*  86' 

21  8°  10'   1846. 

Second  Correction  line. 

22  8°  00'      1846. 


T.  28  N.        V.  8«  00'  E. 

24  8<>  15' 

26  80  16'      1847,  S.  0. 

26  8«  16' 

27  H^  10'  to  8®  26^ 

28  8«>  10'  to  8<*  16' 

29  8<>16' 

80  8°  00' 

81  70  40^ 


82 
88 
86 
86 
87 
88 
89 
40 
41 


Third  Correction  line. 

7^00' 
7*>08' 
6°  00' 


6oi6'tol0<'00'rocalin«. 
6°  16'  to  9«>  10' 
601O' 
7<»16' 


6«6r 


[9<»8a' 


42 
48 
44 
46 
46 
47 


6<»  84'  disturbance  6^  to 

Fourth  Correction  line. 

7"  37'  disturbed  60»  S. 
6^61' 
6°  67' 

11°  E.  to  46<»  W. 
6oto   12°  80';  average, 


7019' 


(8'>44' 


To  Lake  Superior,  14  chains  77  links  west  of  the  mouth  of  Montreal  rirer ;  bj  measure* 
ent,  281  miles  67  chains  north  of  the  base  line  at  the  northern  boundary  of  Iltinols. 
Longitude  of  the  month  pf  Montreal  river,  according  to  Captain  Cram,  U.  S.  Topographl-* 
il  Engineers,  1841,  90^'  44'  80"  west;  according  to  Bayfield,  90''  86'  10".  Latitude  iA""  8t' 
>rth. 


Base  line  of  the  Wisconsin  Surveys,  or  north  Line  of  Illinois. 

Lat.  42<'  80'  N. 

1832-33. 
Beginning  at  the  west  end,  on  the  Mississippi,  opposite  Dubuque. 


B. 


B. 


2W. 

V.9^26'E. 

R.8E. 

V.  7«  00'  B. 

1 

8«>40' 

9 

60  8V 

10 

e'^SO' 

Fourth  Meridian. 

11 

6»W 

12 

e^ocy 

IX. 

T.  9"*  40'  E. 

18 

50  66' 

2 

90  SO' 

14 

6<>57' 

80  4^^  to  9«  26' 

15 

7«80' 

6^80' 

16  to  19 

6*80' 

8«00' 

20 

eo  (Kx  e»  40f 

8«00' 

21  to  28 

gQgO^ 

l^zfy 

To  wwtfni  •bore 

^LikiMMdkpift. 

> 

i 


t<1 
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Variations  on  the  Second  C<M*rection  Line  of  Wisconsin,  according  to  tbe 
numbering  of  the  surveys ;  it  being  the  first  correction  line  nordi  of 
the  Illinois  boundary. 

Lat.  48<>  27'  K. 

(The  mean  of  each  range  ia  given  from  an  obaenration  taken  at  intenrala  of  a  mile,  orrix 

obaervationa  to  a  range.) 

Solar  compass  — 1840. 
.     Toifmsh^p  Xlf  north  —  counting  from  fourth  principal  meridian,  west. 


B.1W. 
2 

4 


V.  9^  88'  E. 
99  2y 


R.5W. 
6 

7 


Y.  8®  88'  £. 

soac 

7046 


88  miles  to  Miasiasippi  river. 


From  Meridian,  east. 

Solar  Compass,  1840. 

B.1E. 

V.  80  21'                       ,          R.  u  E. 

T.  70  46' 

2 

go  17' 

16 

eosc 

8 

7026' 

16 

70  26' 

4 

7«18' 

70  IC  1888. 

6 

7<>88' 

17 

60  46' 

6 

7°  26' 

18 

60  66' 

7 

8«19' 

70  06'  1886. 

8 

S**  46'  1881. 

19 

70  46' 

9 

8<>46' 

70  IC  1836. 

10 

70  W  1888. 

20 

70  00'  1886. 

11 

70  SC 

21 

60  80'  1889. 

12 

70  10' 

22 

6O8O' 

18 

706O' 

To  Lake  Michigan. 

Third  Correction  line  of  Wisconsin. 
Lat.  440  14'  N.    Solar  Compaas. 

On  Meridian  four,  counting  west;  average  variation  of  each  range  of  six 


miles. 


B.IW. 

T.  80  00'  E 

2 

80  16' 

8 

80  00' 

4 

80  80' 

6 

80  80' 

6 

8b  10' 

R.7 

8 

9 

10 

11 

12 


W. 


V-SOSCE. 
80  36' 

70  60'  to  90  46^ 
80  47 
80I6' 
80  60' 


72  miles  to  the  Miaaiasippi  river. 


From  the  same  Meridian  east,  on  accoimt  of  the  Indian  territory  on  this 
correction  line,  the  surveys  were  carried  around,  and  the  correction  line 
is  not  yet  run.  It  begins  in  range  14  east,  on  the  Wolf  river.  Varia- 
tions principally  taken  in  1833. 


14  £. 

T.  60  SO' E.  1889. 

R. 

.  19£. 

V.  60  09'  E.  1883. 

60  86'      1843. 

20 

60  80'      1868. 

16 

60  06'      1889. 

21 

60  00' 

60  86'      1843. 

22 

6OI6' 

16 

60  80'      1888. 

28 

60  86' 

rr 

6O20' 

24 

eow 

18 

60 16"      1848. 

?0l^e 

H^«(«I9^ 
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On  a  Meridian  66  miles  east  of  the  Fourth  Principal  Meridian,  between 
langes  11  and  12,  east,  prmcipally  m  1833,  counting  from  the  base,  or 
Illinois  line,  northward. 


T.  IN. 

V.  70  00'E. 

T.    9N. 

V.80  85'E. 

2 

70  80' 

10 

70  46' 

8 

80  17' 

11 

7O60' 

4 

-    80  40' 

12 

70  16' 

6 

90  00' 

IS 

70  00' 

6 

9O10' 

14 

go  10/  70  SCKISSI. 

7 

80  46' 

16 

S^'Se' 

8 

70  25' 

16 

7°  46' 

96mUes. 

On  the  Meridian  between  ranges  21  and  22,  east  of  the  Fourth  Principal 
Meridian,  being*  sixty  miles  east  of  the  foregoing,  or  126  miles  east  of 
the  Meridian,  and  near  the  west  shore  of  LaKe  Michigan,  counting  from 
the  Illinois  line  northward.     Principally  1835  and  1833. 


.IN. 

V.  6°  60'  E 

• 

2 

6°  OO' 

8 

6^10' 

4 

6°  80' 

6 

eoso' 

6 

6«>06' 

7  to  10 

7^00' 

Second  Correction  Line. 

11 

6«>80' 

12 

70  00' 

1888. 

18 

70  lO' 

1838. 

14 

7<>16' 

1888. 

16 

6^06' 

16 

7015' 

17 

7^00' 

18 

6^60' 

19 

6<»86' 

20 

6^66' 

Third  Correction  Line. 


T.  22  N. 
23 
24 
26 
26 
27 
28 
29 
80 


V.  6°  16' 

6<>  20'  Green  bay. 
6°  46' 

1889. 


6° 
6° 

6° 
6° 
6° 


86' 
80' 
SO' 
46^ 
42' 
66' 


Fourth  Correction  Line. 


81 
82 
88 
84 
86 


6°  46' 

e^'OO' 6*60' 1840. 

6°  00' 
6°  80' 


Region  of  igneous  and  metamorphic  rockf. 


87 
88 


60  88' 
4044/ 


21  6^00' 

To  the  Menomonec  riyer,  at  Sturgeon  fklls,  226  miles  north  of  the  base  Une. 


Fourth  Correction  Line,  Wisconsin ;  third  counting  from  the  Illinois  Line. 


Lai.  45°  3'  13"  N. 


Counting  west  from  the  Fourth  Principal  Meridian. 
Solar  Compass  —  July  and  August,  1847.    Mean  of  each  naile. 


B 


1  W. 

2 

6 

4 

6 

6 

7 

a 

9 
10 
11 
12 


V.  70  62' 

7°  45' 
7047/ 

7<^46' 

7^48' 

8°  00' 

8«>20' 

8°  19' 

8^20' 

8°  10' 
go  27' 

80  21' 


£. 


R.  18  W. 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 


To  the  Mississippi  riyerj^  ^,41  nU^f  W^i^^9C  tb%li<«A4i»i^ 


V.  90  02'  E. 

8^  17' 

8°  59' 

8<»47' 

8«>46' 

8°  09' 

8°  80'  St.  Croix  R. 

9<»88' 
11°  08' 
1P20' 
11''05' 
ll**  61' 
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Fifth  Correction  line  ;  the  fourth  from  the  Illinois  line. 

Lat.  45°  65'  23"  N. 

Or  Township  41,  north,  counting  west  from  the  Fourth  Meridian. 

Solar  Compass  —  October,  1848. 

« 

Mean  of  six  Tariations  in  each  range,  one  each  mUe. 


B.  IW. 

V.6°42'E. 

R.  17  W. 

V.  90  80'  E. 

2 

60  58' 

18 

9<>52' 

8 

70  21' 

19 

12<»  22' 

4 

70  08' 

20 

180  24' 

6 

70  29^ 

21 

ISO  19/ 

6 

8<»08' 

22 

12°  81' 

7 

8<>20' 

28 

IQo  47' 

8 

7046' 

24 

10^57' 

9 

7^18' 

25 

10°  86' 

10 

7°40' 

26 

90  29'BamiiTir. 

11 

6<»58'» 

27 

10049' 

12 

6<>46'» 

28 

10^88' 

18 

70  OC* 

29 

10^18' 

14 

8«4y 

80 

9044' 

16 

8«>81' 

81 

IOO88' 

16 

9°  11' St.  Croix  river. 

82 

IOO88' 

One  hundred  and  ninety  miles  west  to  the  Missisrippi  riyer,  akwut  12  milea  below  Foit 
Gaines.  The  high  rariations  west  of  the  St.  Croix  rirer,  are  in  a  region  of  ifneont  ni 
tr^>pean  rocks. 


Range  Line,  between  ranges  17  and  18  west,  102  miles  west  of  the  Faurtk 
Meridian,  beginning  on  the  Mississippi  river  in  Township  24,  north. 

Solar  Compass  —  May,  1847. 
Mean  of  six  obsenrationi  in  each  township. 

Range  line  between  18  and  19  weii. 


T.24K. 

V.  8<>  40'  E. 

26 

80  81' 

26 

80  41' 

27 

8°  88' 

28 

go  42' 

29 

8^40' 

80 

80  48' 

81 

9026' 

82 

80  48' 

T.  88  N. 

V.7O04'E. 

84 

7024' 

86 

80  08'  very  TariaUe. 

86 

60  47'  trappean  rocks. 

87 

90  82'  August,  1849. 

88 

IQo  02' 

89 

IO0O8' 

40 

100  04' 

To  the  Fifth  ConectioA  Line,  or  Fourth  from  the  nUnoii  line. 


This  completes  the  abstract  of  my  minutes  on  the  variations  in  the  sar- 
veyed  portions  of  Wisconsin^to  the  close  of  the  year  1850. 

If  the  ImeSy  along  which  these  observations  were  taken,  be  traced  upon 
the  map,  it  will  be  found  that  the  magnetic  variations  are  here  given  ia 
squai^es  or  rectangles  of  from  sixty  to  one  hundred  miles  across,  and  that 
thev  thus  represent,  prettv  nearly,  the  variations  over  the  whole  region. 

I  intended  to  have  added  those  for  Iowa,  Missouri,  and  Illinois,  and 
then  to  have  discussed  the  subject  of  variations  in  the  United  States,  but 
find  it  impracticable  to  present  jbII  the  data  at  this  time.    As  far  as  them 

^  TIMI9  tivif  ruiM  ai«  v«Ty  Vmvo^»iiin^&%tc<ml'^  4^  v^lQo  2r. 
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tkUm  extend,  they  may  be  cdnsidered  as  the  best  tutbotity  wbicb  can  be 
given  on  the  subject,  for  this  region,  and  may  prove  of  service  to  those  en* 
gaged  in  investigating  the  subject  of  terrestrial  magnetism* 

REMARKS  ON  THE  VARIATIONS  IN  MICHIGAN. 

By  reference  to  the  variations  on  the  east  and  west  lines  between  T.  41 
and  42  N.,  near  Mackinac,  it  will  be  seen  that  the  line  of  no  variation,  or 
zero,  touches  the  State  of  Michigan  in  R.  7  E.,  on  Drummond's  island. 
Mr.  Higgins,  in  the  geolo^cal  report  of  Michigan,  for  1841,  has  laid  down, 
from  the  precise  observations  of  William  A.  Burt,  the  line  oi  no  variation 
from  Lake  Huron  to  Lake  Superior,  and  given  much  additional  original  in- 
formation, to  which  reference  is  here  made.  The  line  is  very  tortuous,  but 
keeps  near  the  St.  Mary's  river,  crossing  different  belts  of  rock,  igneous, 
metomorphic  and  sedimentary.  In  1820-^,  Captain  Bayfield,  of  the  JBritish 
Admiralty  survey,  took  the  variation  on  Lake  Superior,  at  various  places, 
some  of  which  were  as  follows : 

Michipicoten  island,  lat.  47^  40'  N.,  long.  85°  20'  W.,  6*^  00'  E. 
Granite  island,  46^40'  87^*30'         8**  00' 

Keweenaw  Point,  47°  SO'  88°  30'         9°  00' 

Apostle  islands,  47°  00'  91°  00'       12°  00' 

Pic  island,  48°  40'  86°  40'        8°  00' 

Mr.  Frederick  Hubbard,  assistant  on  the  Michigan  survey,  made  some 
observations  upon  this  subject  in  1840.  In  July  of  that  year,  he  found  the 
variation  to  be,  at  La  Pomte,  8°  33'  E.,  or  3°  27'  less  than  Bayfield— m- 
dicating  a  change  to  that  amount  in  the  course  of  a  little  more  than  a  Quar- 
ter oi  a  century.  The  variations  for  Keweenaw  Point,  in  the  tables  above 
E'ven  for  1844,  range  from  4°  20'  to  8°  07'  E.  —  being  much  affected  by 
cal  attraction  in  consequence  of  the  trap  rocks  containing  a  large  per 
centag^e  of  magnetic  oxide  of  iron.  The  same  remark  will  apply  to  Isle 
Royale,  where,  in  1847,  the  variation  was  from  4°  to  14°  E. 

Between  July  13  and  August  1,  1839,  Mr.  W.  A.  Burt  made  very  care- 
ful observations  on  the  diurnal  variation  of  the  needle,  at  Mount  Yemon, 
Michigan.    The  results  were  as  follows : 

Average  ox  twenty  days,  at  5  h.  30  min.  A.  M.,  1°  39'  53" 
«  "         ''  1  h.  00  min.  P.  M.,  1°  28^  45" 

*«  «         "  6  h.  30  min.  P.  M.,  1°  33'  06" 

The  difference  of  these  numbers  gives  the  diurnal  variation  as  follows : 

Between  morning  and  evening 5'.93 

Between  morning  and  noon ...--•• 11'.08 

Between  noon  and  evening - • 6'.15 

comparison  op  astronomical  and  terrestrial  measurements. 

Havine  thus  adverted  to  the  principal  phenomena  of  variation  in  this  re- 
^on,  so  lar  as  the  n^terials  in  our  possession  will  enable  us  to  do,  we  now 
profiose  to  comparn  the  terrestrial  measurements  of  the  linear  survaYota  ia 
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the  north-west,  with  the  results  of  astronomical  dhservatibns.'  And  hfere  a 
brief  discussion  of  the  two  modes  for  the  determination  of  longitude  m\y 
not  be  inappropriate.  Although  the  measurements  of  the  surveyors,  patt^ 
ing,  as  their  lines  do,  over  swamps,  rivers,  precipices,  and  thickets,  are  lia- 
ble to  many  minute  errors,  yet  these  errors,  in  the  main,  counteract  one  an- 
other. As  the  work  is  done  by  many  persons,  using  different  instruments, 
it  is  hardly  possible  that  small  errors  should  accumulate ;  and  if  they  d.d, 
the  subsequent  work,  always  closing  upon  that  which  Was  done  before, 
would  detect  mistakes,  or  bad  measurements,  and  become  apparent  in  thfe 
returns  to  the  office.  The  correction,  base,  and  meridian  lines,  ance  Ihc 
introduction  of  the  Solar  compass,  have  been  generally  surveyed  with 
much  care,  particularly  the  principal  meridians  ;  so  that  they  may  b^  re- 
garded as  following  very  nearly  parallels  of  longitude.  The  distanres 
measuced  by  the  chain,  along  the  base,  correction,  and  meridian  lines,  may 
also  be  regarded  as  nearly  accurate,  as  much  so  as  could  be  expected  from 
a  single  measurement,  where  so  many  obstacles  are  necessarily  encountered. 
The  interior  township  and  ran^e  lines  are  not  required  to  be  made  with  so 
much  care,  because  the  principal  exterior  lines  serve  to  stop  the  errors,  if 
any  accrue.  This  is  why,  as  will  appear  from  an  examination  of  the  con- 
vergence of  range  lines,  in  the  tables  given  below,  the  width  of  the  upper 
tier  of  townships  is  less  than  six  miles ;  but  this  irregularity  may  be  amend- 
ed on  the  next  correction  line,  by  making  full  townships.  Thus,  the  con- 
vergence of  range  lines,  for  sixty  miles  below  latitude  46®  N.,  being  sevim 
chains,  sixty  links,  if  the  lower  tier  of  townships  on  the  correction  line, 
sixty  miles  south,  were  made  six  miles,  three  chains,  and  eighty  links,  the 
townships  midway  would  be  exactly  six  miles  wide,  and  those  on  latitude 
46®  would  fall  short,  three  chains  and  eighty  links.     It  will  make  the  sob- 

i'ect  more  intelligible  to  refer  to  the  manner  in  which  the  public  survep 
lave  been  conducted.  A  principal  meridian  and  a  base  line  are  first  nm 
through  large  tracts,  generally  embracing  a  State  or  States.  These  meri- 
dians are  numbered  from  east  to  west.  The  First  principal  meridian  fonns 
the  division  between  Ohio  and  Indiana,  on  longitude  o4®  51'  west  from 
Greenwich. 

The  Second  principal  meridian  divides  the  state  of  Indiana  north  and 
south,  terminating  at  its  northern  boundary. 

There  is  a  "Michigan  Meridian,*'  not  numbered,  which  commences  V 
the  north  line  of  the  state  of  Ohio,  twenty-two  miles  east  of  the  first  me- 
ridian, and,  running  through  the  Lower  peninsula,  crosses  the  straits  of 
Mackinac  and  terramates  at  Saut  Ste  Mane. 

The  Third  principal  meridian  begins- at  the  mouth  of  the  Ohio  nver,  run- 
ning north  to  the  northern  boundary  of  Illinois,  where  it  terminates. 

The  Fourth  principal  meridian  commences  at  the  mouth  of  the  IlUnois 
river,  at  Alton,  latitude  38°  58'  12''  N.,  longitude  90°  29'  56".7  W.,  and 
extends  through  the  States  of  Illinois  and  Wisconsin,  terminating  on  Lake 
Superior,  at  a  point  fourteen  chains,  seventy-seven  links,  S.  65°  tV.  along 
the  shore,  from  the  mouth  of  the  Montreal  river — its  length  being  three 
hundred  and  forty  miles. 

The  Fifth  principal  meridian  starts  from  the  mouth  of  the  Arkansas  river, 

on  the  Mississippi,  and  has  been  extended  north  through  Arkansas,  Mii»- 

souri,  and  Iowa,  to  near  latitude  43°  30',  being  about  twenty-five  miles  to 

the  west  of  the  fourth  meridian.    When  we  consider  that  it  rejieatedly 

€108868  the  bends  of  th^  Missis^ppl  and  i^^es  through  the  broad,  awmapy 


353  [  4  ] 

marshes  of  Arkansas ;  and,  further,  as  it  was  $urveyed  "with  the  needle 
and  not  with  the  Solar  compass^  it  cannot  be  regarded  as  yery  correct. 
From  the  mouth  of  the  Illinois,  where  it  overlaps  the  fourth  meridian,  to 
Dubuque,  in  latitude  42**  30',  these  two  meridians  maintain  about  the  same 
iistance  from  one  another  ;  whereas,  if  they  pursued  thtir  respective  longi- 
tuJes,  they  should  converge,  injhat  distance,  about  three  miles. 

At  right  angles  to  all  tnese  meridians  are  east  and  west  correction  a^^d 
iase  lines,  once  in  sixty  miles,  or  about  52'  of  latitude.  Such  are  the  linos 
nade  use  of  in  the  following  computations.  I  know  of  rto  portion  of  the 
:;irth*s  surface  on  which  there  are  so  many  and  so  regularly  measured  liries 
IS  in  the  Mississippi  valley.  This  opportunity  of  making  a  mutual  refer* 
:?nce  to  the  terrestrial  and  celestial  methods  of  nxing  points  upon  our  planet 
IS  uneqiallcd,  and  the  results  of  theory  and  science  may  thus  be  planed  in 
contiguity  with  those  of  actual  measurements.  If  the  (discrepancies  should 
l>e  great  and  general,  we  must  infer  that  there  is,  in  one  or  the  other,  some 
imperfection  which  should  be  remedied  ;  but,  if  it  appear  to  be  the  case, 
that  the  results  harmonize  remarkably  well,  the  accuracy  of  both  modes  is 
theoreticilly  and  practically  established.  The  tables  of  Convergence  in  par- 
allels of  longitude,  through  all  degrees  of  latitude,  are  based  upon  a  nice 
calculation  of  the  oblate  spheroidal  form  of  the  earth.  The  correspond- 
ence of  these  tables  with  the  measurements  which  I  shall  introduce,  extend- 
ing over  large  areas,  is  a  gratifying  instance  of  the  truth  of  philosophy  and 
mathematics,  demonstrated  by  a  process  familiar  to  the  most  ordinary  mind^. 

The  Superintendent  of  the  Coast  Survey  is  engaged  in  determining  the 
longitudes  of  different  places  in  the  United  States,  particularly  by  means 
of  the  electric  te!egraph  ;  and  from  this  source  I  have  been  furnished  with 
the  results  for  Cincinnati  and  St.  Louis. 

The  longittide  of  Cincinnati  is  84^  29'  48".8.  In  tune,  5h.  8m.  12s.  5 
(Washington)  OOh .  29m.  47s. 

Longitude  of  St.  Louis,  QO**  12'  57".7.  In  time,  5h.  8m.  12s.+52m. 
40s.=6h.00m.  52s. 

The  determination  of  the  longitude  of  the  Cathedral  at  St.  Louis,  by 
Nicollet,  differed  from  this,  2'  16".3  of  arc,  being  90^  15'  16". 

The  measured  distance,  by  the  public  surveys,  hetween  Cincinnati  and  St. 
Louis,  reduced  to  the  parallel  of  latitude  for  the  former  place,  and  that  cor- 
rected for  convercrence,  is  310.32  miles,  which  is  equal  to  a  difference 
in  longitude  of  5®  45'  57".6  ;  and  the  distance  above  given,  according 
to  the  best  authority,  deduced  from  observations  made  by  the  aid  of  the 
teleeraph,  is  5"*  43'  15"  —  a  discrepancy  of  2'  42".6  of  arc. 

The  western  boundary  of  Ohio  was  doubtless  established  with  care  and 
5houId  follow  the  true  meridian.  If  it  does,  we  can  deduce,  from  Cincin- 
nati, the  longitude  of  the  south  end  of  the  meridian  of  Michigan,  which  is 
iwenty-two  miles  east  of  the  first,  or  Ohio  meridian,  and  two  and  one- 
half  miles  east  of  Cincinnati ;  making  it,  in  longitude,  84®  26'  50"  W. 
If  this  meridian  has  been  well  carried  up,  the  longitude  of  the  Falls  of 
the  St.  Mary  is  the  same,  for  this  meridian  terminates  there,  being  about 
three  hundred  and  thirty  miles  long.* 

The  next  corresponding  meridian  to  the  west,  is  the  Fourth,  or  Wisconsin 


•  On  comparing  the  longitude  of  the  point  where  this  meridian  meets  the  Falls  of  the  St. 
Mary's  river,  as  laid  down  on  Bayfield's  Chart  («4<=>  83'  40"),  with  that  obtained  for  its 
southern  extremity,  as  given  above,  we  tind  a  discrepancy  of  6'  50"  of  arc,  which  can 
hardly  be  due  to  the  error  of  so  distinguished  an  observer  as  fiayflcld.  F.  ^c  ^V 
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meri  linn,  which  runs  from  the  mouth  of  the  Illinois  river  to  Lake  Supenor, 
the  lonjritude  of  whose  southern  extremity  is  very  closely  known  by  refe- 
rence to  Sk  Louis.  Thi  (listrmce  between  these  meridians,  measured  west, 
on  a  para'lel  of  latitude  from  the  foot  of  the  Michigan  meridian,  across  In- 
(li.in-x  and  Illinois,  is  318.10  miles;  the  distance  between  the  upper,  or 
nor.h!  rn  extremities  of  these  meridians,  on  Lake  Superior,  is  very  nearly 
2  J  J. 64  miles;  showing  a  convergence  of  the  ground  of  25.46  miles. 

I  give  the  latitude  of  the  southern  end  of  the  Michigan  meridian  only 
ap  roximatively  at  41°  54'  N,,  and  that  of  the  upper  encl,  at  Saut  Ste.  Ma- 
rie, at  4G^  31'.  The  latitude  of  the  north  end  of  the  VVisconsin  meridian, 
*  s  give  1  by  Captiin  Cram,  is  46°  33'.  The  theoretical  convergence,  by  the 
tahifs  fron  the  south  to  the  north  end  of  these  meridians,  is  24.75  miles  — 
cli.Te  in^  fron  the  result  above  given  only  .71  mile. 

In  the  longitude  of  the  mouth  of  the  Montreal,  as  deduced  from  thes^I^ 
veys  of  William  A.  Burt,  there  is  a  discrepancy,  when  compared  with  the 
r jportetl  longitude,  which  indicates  an  error  somewhere.  The  surveys  have 
not  been  carried  across  from  the  Fourth  meridian  to  the  Mississippi,  at  the 
mouth  of  the  Crow- wing  river,  near  Fort  Gaines,  where  a  discrepancy  is 
found  in  the  position  of  that  place. 

The  measured  distance  from  the  Fourth  meridian,  along  the  Fifth  correc- 
tion line,  to  the  meridian  of  Crow-wing,  is  one  hundred  and  ninety  miles 
an. I  niiie  chains ;  which,  corrected  for  convergence,  and  converted  into  de- 
grees and  minutes  of  arc,  gives  3°  58'  30''  as  the  difference  of  longitude 
west. 

The  reputed  longitude  of  the  Montreal  river  is  90''  44' 30'',  and  of  Crow- 
wing  94^  22'  45",  making  a  difference  of  3°  38'  15",  or  20'  13"  of  arc  less 
than  the  surveys,  and  et}ual  to  about  16.2  miles.  It  becomes  necessary  to 
for.Ti  a  conclusion,  whether  the  error  is  due  to  terrestrial  or  celestial  meas- 
urements. The  longitude  of  the  southern  extremity  of  the  Fourth  meridian, 
at  Alton,  Illinois,  is  closely  determined  from  St.  Louis,  and  is  put  at  90* 
.2  J'  56.7  ',  and  the  same  meridian  passes  within  fourteen  chains  west  of  the 
mouth  of  the  Montreal  river.  If  it  is  well  run,  the  longitude  of  its  mouth 
should  differ  only  about  12"  of  arc,  while  the  difference  is  14'  43"  to  the 
v.vst.  From  the  longitude  deduced  from  the  Michigan  meridian  it  diffen 
ir  also  to  the  west.* 

Though  undiscovered  errors,  in  running  these  lines,  may  exist,  or  in 
me.isuring  the  correction  lines,  the  question  arises,  whether  so  great  a  mis- 
take could  possibly  occur,  as  is  shown  here,  of  8.5  to  10.5  miles. 

The  vvorlf  of  determining  longitude  chronometrically,  on  land,  is  known 
to  be  very  difficult  and  requires  much  time  devoted  to  observations.     This 

•  Tlij  longitude  of  the  month  of  the  Montreal  river,  (locording  to  Bayfield,  is  90®  3^  l^ 
an.l  t  iking  that  of  Crow-wing,  as  given  above  on  the  authority  of  Nicollet  and  Lieuteoaot 
Dj.:)y,  at  \)i°  22  45",  we  have  a  dirtbrence  of  3^  47'  30".  Comparing  this  with  the  differ- 
one  J  ol  Kmgitudij,  as  deduced  from  the  linear  snn'eys  by  Mr.  Whittlesey,  we  have  a  discre- 
I»  incy  of  1 1 ',  which  is  considerably  less  than  that  which  results  from  assuming  the  loiigi- 
tu  1j  of  the  Montreal  river,  given  by  Capt(\in  Crara.  In  like  manner,  using  Ba^-fleld's  longi- 
t;i'lj  of  thj  Montre.il  river,  and  comparing  it  with  that  of  Alton,  as  given  abovj,  wc  have  a 
diflTjfjncj  of  o'  7.7"  between  the  results  of  t!?.e  astronomical  measurement  of  the  longitude 
.of  thj  two  places,  which  should  have  the  same  longitude,  if  the  meridian  was  cor- 
r  jctly  nm  by  the  linear  surveyors.  The  discrepancies  in  each  of  these  cases  are  verj'  cod- 
sidjr  ibl.',  but  indicate  that  the  position  of  the  Montreal  river  was  more  accurately  dctcr- 
miuj  I  by  Biyfield  than  by  Captain  Cram.  Probably  at  least  a  part  of  the  error  is  due  to 
tlie  u  iture  of  the  ground  over  which  the  northern  portion  of  the  meridian  in  question  passef, 
nn  I  thj  difficulty  which  the  surveyors  found  themselves  obliged  to  contend  with  in  executing 
this  work.  P.  &  Tf. 
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ny  not  hivo  been  practicable  at  the  Montreal  and  Crow-vrinpj  rivers,*  ani, 
itil  the  details  of  the  observations  arc  examined,  it  would  b?  i:npo3  i')Ie 

s.iy  \vh:it  weisjht  is  to  b?  given  thera.  To  throw  th?  errori  entirely  on  the 
irveyed  lines,  it  is  necessiry  to  suppose  that  it  cc.n  n?nccd  in  the  First 
•incip  il  raeridim,  in  Ohio,  and  that  the  same  departure  from  the  true  me- 
dian accrued  in  the  s.im3  direction,  in  Michigan,  and  i:i  the  Fourth  meri- 
lan,  ami  that  it  hr4snot  b?en  observed  by  those  who  ran  the  township  limits 
Jj^icent  to  them. 

At  th3  Crow-wina;  river  th?  discrepancy  is  to  the  east ;  thus  brinqin;^  thi « 
oint  and  the  mouth  of  th?  Montreal  river  too  n3ar  together,  by  20'  3.)",  of 
rhich  11'  to  14'  is  shown  as  probably  due  to  the  obs?rvations  at  the  M on- 
real  river.  The  first  named  point  is  reported  to  be  in  longitudi  94^  22' 
5'' west,  and,  as  deduced •  from  measurements,  is  94*^  32'  —  a  di.Tercnce 
f  9'  15". 

CONVERGENCE  OF  RANGE  LINKS. 

We  i\ext  propose  to  examine  the  convergence  of  range  lines,  from  one 
correction  line  to  another,,  as  shown  by  the  surveys  in  Michigan,  Wisconsin 
ind  Iowa. 

By  Captain  Lee*s  tables!  of  the  length  of  a  degree  of  longitu:!c,  in  stat- 
ite  miles  for  different  latitudes,  between  39*^  and  47''  north,  we  can  co:n- 
Mtre  the  field  results  with  those  theoretically  obtained. 

North  latitude.     Length  of  a  degree  of  Convergence  for  a  dog.   Convergence  for  a  rango 

longitude  in  miles.  of  lat.  in  miles.         or  township  of  G  miljs. 


Ch.  Lks. 

41° 

52.274 

0.790 

7  24 

42 

51.476 

0.798 

7  44 

43 

50.662 

0.814 

7  71 

44 

49.833 

0.829 

8  00 

45 

48.988 

0.845 

8  27 

46 

48.128 

0.869 

8  59 

47 

47.254 

0.874 

8  87 

i^e  uuiivergt^nuL-  of  range  lines  tor  twenty-nine  townships  west  of  the 

measurements,  6  chains  i55.-5  links;  in  theory,  7  chr.ins 


The  distance  in  latitude  from  one  correction  to  another  of  sixty  miles, 
DT  t«n  townships,  being  less  than  a  degree,  or  about  52',  the  convergence 
for  that  distance  is  proportionably  less. 

On  the  Fourth  correction  line  in  Michigan,  about  latitude  45*^  50^  N.,  the 
averasre  convergence 
meridian,  is,  by  field 

45  links;  but  this  correction  line  having  been  taken  across  and  around 
Lake  Michigan,  is  hardly  a  fair  example  for  comparison.  The  towTiships 
on  the  correction  line  below,  as  well  as  all  those  in  the  upper  piminsula, 
are  made,  on  the  correction  line,  two  chains  under  six  mi'es,  in  order  to 
throw  part  of  the  irregularity  upon  the  lower  or  southern  townships.  This 
excess  of  two  chains  is  not  enough  for  that  latitude  to  equali^^e  the  town- 
ships between  correction  lines,  as  %vill  appear  by  results.  On  the  fifth  cor- 
rection line,  about  latitude  46"^  45'  N.,  the  width  of  the  tier  of  townships 


•  The  ol>J<3rvations  at  Crow-wing  wcrj  tiken,  first  by  Nicollet,  and  affeiwanls  by  Lieut. 
Derby  of  tlm  Topogriphicjil  Corps,  who  differ  only  in  seconds.  Those  ol  tho  .Montreal  river 
were  "by  Cil)tiin  Crdm,  also  of  the  Topographical  Corps. 

f  A  CoUectiwi  of  Tables  aud  Formal*,  by  C apt.  T.  J.  LoQ,of  Ca^iTo'jci^T^v^v^^'^*^'^^'^* 
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liext  below  it,  or  the  ranges  numbered  T.  50  N.,  is,  for  thirteen  of  the 
westerly  townships,  5  miles,  74  chains,  74  links ;  and  the  width  of  the 
same  ranges  on  the  fourth  correction  line  is  6  miles,  2  chains  —  making  a 
difference  of  7  chains  26  links  upon  the  ground.  For  twenty-six  ranges 
next  west  of  the  Michigan  meridian,  and  next  south  of  the  fifth  correction 
line,  th6  actual  average  convergence  is  7  chains  oO  links  per  range  and 
township.  In  theory,  as  deduced  from  the  above  tables,  it  is  7  chams  60 
links. 

For  the  surveys  in  Wisconsin,  I  will  give  some  of  the  data  in  detail. 

Ch.  Lkft. 

R.  1  E.,  meridian  IV,  T.  10  n.  correction  line  I,      -            -          8  73 

16 50  00 

19 83  49 

21  - lm.22  09 

Along  the  meridian  line  betwen  ranges  twenty-one  and  twenty-two  east 

of  the  fourth  meridian, 

M.  Ch."      Us. 

At  correction  I,  or  T.  10  n.       -  -  -  *  -        12      2.09 

"        «        II,       "  20  n.       -  -  -        1    60  70 

"        "      III,       «  30  n.       -  -  -        2    66  09 

Here,  the  convergence  is  quite  irregular,  and  the  average  is  too  small  for 
these  latitudes,  not  exceeding  five  chains  to  a  township— in  sixty  miles  noth- 
ing: but  it  should  be  stated,  that  much  of  the  work  in  eastern  Wisconsin 
was  done  before  the  introduction  of  the  Solar  compass ;  and  from  the  inter* 
vention  of  unceded  Indian  lands,  the  correction  lines  were  necessarily  carried 
around. 

On  the  fourth  correction  line  in  Wisconsin,  w^st  of  the  meridian,  the 
townships  on  the  north  and  south  of  the  line  differ  in  their  comer  posts  as 
follows,  beginning  at  range  17  ^est,  in  latitude  say  45®  55'  north  : 

R.  17  W.,  T.  41  N.  4th  meridian .... 

18 

19 

20  •  .  .  ... 

21 

22  •  ... 

23 

34  ......  . 

23 

26 

27  ....  • 

28 

30 

31  To  the  Mississippi  river,      .  .  .  - 

As  before  stated  and  as  here  verified,  there  are  in  the  amount  of  convc^ 

ffence,  as  shown  from  range  to  range,  irregularities  that  result  from  the  di^ 

ferent  degrees  of  accuracy  attained  by  different  surveyors.     The  lower  part 

o(  this  column  shows  imperfect  vjotk,  ;xtid»  therefore,  will  not  give  a  good 

general  average. 


u. 

Ch. 

Lb. 

1 

30 

43 

1 

30 

10 

1 

35 

63 

1 

42 

.24 

1 

53 

91 

1 

67 

20 

1 

77 

00 

2 

06 

00 

1 

75 

79 

2 

05 

00 

1 

77 

90 

2 

10 

05 

2 

29 

43 

2 

43 

65 

2 

42 

M 
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For  thirty-one  ranges,  or  187  miles  13  chains,  it  is  202  chaios,  or  6  eh&ins 
51.5  links  per  range.  Taking  it  on  range  twenty- four  west,  up  to  which 
there  appears  to  be  more  uniformity,  the  average  is  6  chains  yl.5  links. 
The  width  of  the  upper  row  of  townships,  or  township  forty  north,  on  their 
northern  boundary,  should  be,  therefore,  o  miles  76  chains  9  links ;  their 
width  in  township  thirty-one  north,  being,  as  is  the  case  in  northern  Wis- 
consin, 6  miles  and  3  chains.  The  convergence  which  I  deduce  from  the 
tables,  between  these  correction  lines,  is  for  a  township  or  range,  7  chains 
and  4^i  links.  In  order,  therefore,  that  they  equalize  the  breadth  of  the 
lower  tier  of  townships,  they  should  be  6  miles  3  chains  and  71  links. 

Convergence  on  the  first  correction  line  of  Iowa,  west  of  meridian  V, 
or  township  79  north ;  latitude  about  41  **  36'  north. 


UngM  Weit. 

Oiflbrcnce  of  Meridians. 

Diflurence  fivm  nuis«  Un. 

to  range  line. 

M. 

Ch. 

Lks. 

Ch. 

Lks. 

7 

0 

17 

98 

8 

0 

24 

90 

15 

0 

29 

'.Mi 

20 

0 

62 

10 

21 

0 

73 

21 

11 

11 

22 

05 

21 

12 

00 

33 

09 

29 

4 

05 

24 

14 

13 

4 

84 

25 

16 

73 

2 

60 

26 

17 

94 

1 

21 

27 

61 

19 

43 

25* 

28 

64 

34 

3 

15 

29 

73 

32 

8 

96 

30 

2 

01 

00 

7 

68 

31 

2 

03 

35 

2 

35 

187in.llc1i. 

Av.ofSl  R'»; 

5  ch.  27  1. 

Av.  of  11  T'«  t 

westerif. 

In  theory,  6  cb.  27.5 1. 

9  ch.  21 1. 

Second  correction  line  in  Iowa,  latitude  about  42'  30'  north,  township 
89,  north  of  meridian  Y. 


RwgM  WMt 

Difference  of  range 

llnea  on  the 

Difference  tram  range  to 

ground. 

range  of  6  m.  8  ch.  wide. 

M. 

Ch. 

Lks. 

Cb.      Uu. 

5 

0 

37 

63 

6 

0 

27 

53 

7 

0 

51 

34 

10 

0 

60 

15 

11 

0 

70 

43 

12 

0 

76 

58 

13 

1 

03 

77 

14 

0 

72 

22 

15 

1 

03 

88 

16 

1 

02 

51 

> 

*  PrtTiout  errors  oorrMt«d  hM«. 


1*1 


358 


Raii^t  W«ft.    •" 

DiflTei 

rence 

o{  range 
ground 

Udos  on  the 

• 

A*l   • 

Ch. 

Lks. 

17 

09 

20 

18 

10 

84 

19 

1 

18 

10 

20 

20 

25 

21 

40 

20 

22 

60 

04 

23 

69 

64 

25 

1 

08 

25 

,      26- 

73  ■ 

05 

27 

2 

03 

40 

28 

2 

09 

42 

148  m.  length 

Av. 

of  each  R.  of  6  m.  8  ch. 

of  meridian. 

is 

6  ch 

.  6  1.    1 

[n  theory. 

Cch.  64] 

fl. 

Difference  from  nhge  to 
range  of  6  m.  8  ch.  wide. 

Cb.       Liu. 


7 

36 

6 

15 

15 

95 

19 

84 

9 

60 

0 

39 

4 

70 

10 

35 

6 

02 

At.  of  10  tap. ; 

8ch. 

881. 

It  thus  appears,  from  a  general  average  in  the  lower  part  of  Iowa,  that, 
where  the  ranges  are  made  6  miles  and  3  chains  on  the  correction  lines,  they 
do  not  vary  materially  from  equalizing  the  convergence;  so  that  the  upper 
townships  fall  as  much  short  of  six  miles  in  breadth  as  the  lower  ones  exceed 
it ;  but  further  north,  in  Iowa  and  Minnesota,  a  greater  breadth  than  6  miles 
and  3  chains  is  necessary  on  the  correction  lines ;  and  as  the  surveys  proceed 
northward,  the  excess  should  be  greater.  The  great  inequalities  in  conse- 
quence of  this,  as  shown  by  the  difference  from  range  to  range,  below  the 
second  correction,  is  probably  owing  to  the  use  of  the  magnetic  compass. 
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CHAPTER  XXI. 

BOTANY. 
BY  W.  D.  WHITNEY. 

Remarks  on  the  Flora  of  this  Region.  —  Predominance  of  Northern 
Types.  —  Effect  of  the  Lakes  in  equalizing  the  Temperature.  —  The 
Character  of  the  Vegetation  little  influenced  by  the  geological  Forma- 
tions.  —  List  of  Plant Sy  with  Remarks  on  some  of  the  more  important 
Trees  and  Shrubs. 

The  following  list  comprises  all  the  phmts  noticed  by  members  of  the 
CorpSy  between  the  1st  of  July  and  the  1st  of  October,  1849,  in  the  ter- 
ritory included  within  the  limits  of  the  survey.  The  parts  of  the  territory 
visited,  and  more  or  less  carefully  examined,  were  Mackinac,  the  Saut, 
the  southern  shore  of  the  lake  from  the  latter  place  to  Carp  river,  the 
north-eastern  extremity  of  Keweenaw  point,  the  Ontonagon  valley  as  far 
up  as  the  metalliferous  range,  and  Isle  Royale.  It  was  mtended  to  make 
the  search  after  species  as  thorough  as  circumstance^  would  allow,  but  they 
were  so  often  and  so  variously  unlavorable,  and  the  region  explored  bears 
so  small  a  proportion  to  that  left  unvisited,  that  the  list  cannot  be  other- 
wise than  very  incomplete. 

A  few  observations  on  the  frequency,  mode  of  occurrence,  &c.,  are  ap- 
pended to  the  names  of  many  of  the  species,  especially  of  the  forest  trees 
and  shrubs,  and  these  perhaps  include  all  that  it  is  necessary  to  say  on  the 
subject  of  the  like  vegetation  in  general.  The  following  remarks,  however, 
may  be  added  by  way  of  introduction. 

The  whole  face  of  the  lake  country  is  covered  with  a  dense  forest,  un- 
broken, save  by  the  clearings  of  the  settlers  and  the  few  natural  meadows 
and  open  marshes  which  are  scattered  here  and  there  along  the  rivers,  espe- 
cially near  their  mouths.  The  constitution  of  this  forest  is  such  as  is 
characteristic  of  so  high  a  northern  latitude.  The  peculiarities  consist,  not 
as  much  in  the  introduction  of  new  and  exclusively  northern  species  —  for 
there  is  hardly  one  of  any  importance  that  docs  not  occur  also  on  the  high- 
lands of  the  middle  states — as  in  the  incre*ised  frequency  and  predominance 
of  certain  northern  types,  and  the  total  absence  or  great  rarity  of  many 
which  are  the  most  familiar  to  the  eye  of  the  dweller  farther  south.  Thus, 
all  the  trees  that  have  esculent  fruit,  the  oak,  walnut,  chestnut,  beech,  &c., 
are  either  quite  Wanting,  or  of  very  unfrequent  occurrence  ;  while  the  spru- 
ces, the  fir,  the  ceSar,  the  red  pine,  the  birches,  the  aspen,  poplar,  &c.,  are  the 
prevailing  growth.  With  the  lesser  herbaceous  species  it  is  somewhat  diffe- 
rent, and  a  much  larger  proportion  of  them  are  solely  northern.  The  gene- 
ral distribution  of  the  more  important  species  through  the  country  is  very 
uniform.  This  would,  for  a  variety  of  reasons,  be  naturally  expected. 
The  region  explored  extends  through  no  great  reach  of  latitude,  and  the 
influence  of  the  great  body  of  water  about  which  it  lies,  is,  of  course,  like 
that  of  the  ocean,  equalizing.  Even  Isle  Royale  hardly  exhibits  any  dif- 
ference in  the  character  of  its  vegetation  from  the  soulhfixxi  ^\v^i«&  ^i  \!^<t 
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lake.  Nor,  in  that  part  of  the  region  visited  by  us,  were  there  highlands 
of  sufficient  elevation  and  extent  to  impress  a  peculiar  character  upon  the 
growth  covering  them.  The  two  highest  and  most  extensive  mountain 
ranges  —  those  of  the  Porcupine  and  Huron  mountains  —  were  not  ascend- 
ed this  year  ;  upon  them  it  is  probable  that  some  modification  of  the  Flora 
might  be  noticed.  Nor  could  it  be  seen  that  the  geological  formations,  un- 
derlying the  soil,  exercised  any  modifying  influence  u]>ou  the  torests  above 
them.  They  are  too  limited  in  their  extent,  and  too  frequently  interchanged 
to  exert  any  such  influence ;  and,  moreover,  comparatively  little  x>f  tlie 
soil  upon  them  is  of  local  origin,  resulting  from  their  decomposition ;  but 
the  northern  drift  occupies  most  of  the  surface.  It  is  in  the  distribution 
of  this  drift,  and  the  consequent  clayey,  or  gravelly,  or  sandy  nature  of  the 
soil,  that  the  law  of  distribution  of  the  native  plants  also  is,  in  great  meas- 
ure, to  be  sought.  But  most  of  all  is  it  the  presence  of  a  greater  or  les 
quantity  of  moisture,  that  determines  with  what  growth  a  tract  of  country 
shsill  h^  clothed,  and  the  most  important  variations  are  those  dependent 
upon  this  cause. 


LIST   OF   PLANTS. 


RANUNCULACE^. 

CUSMATIS,   L. 

virginiana,  L.     (Virgin^s  Bower.) 
Akemone,  L. 

nemorosa,  L,     (Wind-flower.) 

multifida,  DC.     Mackinaw. 

pennsylvanica,  L.     Very  common  and  showy,  in  thick  beds. 
H^ATICA,  Dill. 

triloba,  Chaix.    (Liver-leaf.) 
T0ALICT&UM,  L. 

comuti,  L.     (Meadow  Rue.) 
Ranukculus,  L. 

abortivus,  £. 

recurvatus,  Poir. 

^ascicularis,  MuhL 

repens,  X.  , 

acris,  L.     (Buttercups.)  , 

Cai/tha,  L. 

palustris,  L.     (Cowslips.) 
Corns,  Salish. 

trifolia,  Salisb.     (Goldthread.) 
AojavjEQiAy  L. 

canadensis,  L.     (Wild  Columbine.)     Abundant  and  beautiful. 

rubra,  WiUd,    (Baneberry.) 
MJbaL,Big.    (Baneberry .") 
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NYMPHUEACE^. 

rPHJEA,  Toum 

odorata,  ^it.     (Water  Lily.) 
HARy  Smith. 

advenai  Jlit.     (Yelllow  Pond  Lily.)     Conunon. 

.  SARRACENIACEiE. 

RACENIA,  L.  ^ 

purpurea,  L.     (Pitcher-plant.)     Abundant  in  the  open  marshes. 

PAPAVERACE^.. 

GUINARIA,  Dill, 

canadensis,  L.     (Blood  Root.)    Mackinac. 

FUMARLiCEiE. 

« 

ITDALIS^  L. 

aurea,  WiUd. 

glauca,  Pursh.     Both  common. 

CRUCIFERiE. 

GIDAMINE,  L. 

hirsuta,  L,    (Bitter-cress.) 

ITTARIA,  L, 

diphylla,  L. 

IBIS,  L. 

lyrata,  Z. 

laevieata,  D.  C 
»8ELLA,  Vent. 

bursa-pastoris,  Mctnch.    (Shepherd's  Purse.) 
ciLE,  To%im. 

americana,  JVt^/^  (Sea  Rocket.)  Abundant  on  the  sandy  south  shore* 

VIOLACEiE. 

LA,  Z. 

lanceolata,  L.    (Violet.) 

cucullata,  Ait. 

canadensis,  L.    Still  in  flower  at  Mackinac  in  October*  ^ 

muhlenbergii,  Torr.  \ 

oubescens,  Ait.  ' 

DROSERACE^. 

IfXRA,  L 

^     rotundifolia,  L.    (Sun-dew.)    Isle  Royak. 
LHA9SIA,  Thum. 

imrdbautim,  MlcA:t.    (Grass  of  PamaasvA.^    Yvatosx^'V^fi^. 


t 
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HYPERICACEiE. 

Hypericum,  L. 

pyramidatum,  Ait.     (Giant  Hypericum.)     Ontonagon  river. 
ellipticum,  Hook. 

CARYOPHYLLACEiE. 

Stellaria,  L, 

media,  Smith,     (Chiclcweed.) 

longifolia,  MuhL 
Cerastium,  L. 

vulgatum,  L.     (Mouse-ear  Chickweed.) 

viscosum,  i. 
Sagina,  L. 

nodosa,  L.     Isle  Royale,  rocky  water's  edge. 

PORTULACACEiE. 

Clavtonia,  L. 

\nrginica,  i.     (Spring-beauty.)    Mackinac. 

TILIACEiE. 

TiLlA,  L* 

americana,  L.  (Basswood,  Linden,  Lynn.)  The  latter  is  the  name 
by  which  it  is  generally  known  to  the  surveyors  and  settlers.  It 
is  of  frequent  occurrence,  particularly  in  the  Ontonagon  valley, 
and  attains  a  large  size,  becoming  a  stately  and  handsome  tree, 
and  capable  of  affording  pretty  large  timber.  Its  wood  is  valu- 
able for  its  toughness  and  pliability,  combined  with  softness  and 
ease  of  working. 


i< 


GERANIACE^. 


Geranium,  L. 

carolinianum,  X. 
n]ibertianum,  L. 


OXALIDACEiE. 


OXALXS,  L. 

acetosella,  i.    (Sorrel.)    Ontonagon  river. 

BALSAMINACE^. 

Impatiens,  i. 

fulva,  Jfutt,     (Jewel-weed.)     Carp  river. 

ANACARDIACE^. 

Rhus,  L. 

typhina,  Z.     (Stag-horn  Sumach.) 

g'iabra,  L. 

twricodendron,'  X.    (Ivy  .^    TY«  %>Ma^r5wk  nx^  Tvwj\ie^  5ivs®BWja. 
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ACERACE^. 

pcnnsylvanicum,  i.     (Striped  Maple.     Moose-wood.) 

spicatum,  Lam.     (Mountain  Maple.) 

saccharinum,  Wang,     (Sui^ar  Maple.     Sugar.) 

rubnim,  i.     (Red  Maple.     Maple.) 

dasycarpum,  Ehrhart.  (V/hite  Maple.)  Noticed,  a.s  was  believedi 
on  the  bank  of  the  Ontonagon.  The  first  four  maples  are  very 
generally  distributed  throughout  the  lake  country,  and  may  often 
be  found  within  the  space  of  a  few  square  rods.  Yet  in  some 
quarters  the  sugar  maple  is  altogether  wanting,  and  its  place  is 
supplied  by  an  abundant  growth  of  the  red.  It  is  thus  at  Macki- 
nac, and  ui  the  vicinity  of  Copper  Harbor.  Of  the  four,  the 
sugar  maple,  or  "sugar,"  as  it  is  commonly  styled  by  the  settlers, 
is  by  far  the  most  useful  and  important.  In  the  almost  total  ab- 
sence of  oaks  and  hickories,  it  is  the  sole  dependence  of  the  set- 
tlers for  hard  wood  fuel,  and  for  charcoal.  As  furnishing  the 
latter  article,  and  of  the  first  quality,  it  is  especially  indispensa- 
ble in  the  iron  region ;  and,  fortunately,  it  is  nowhere  found 
more  abundantly,  or  of  larger  and  finer  growth.  Considerable 
sugar  is  made  from  it,  both  by  the  Indians  and  whites;  but  the 
resources  of  the  country  in  this  line  are  far  from  being  so  fully 
developed  as  the  great  distance  from  the  seaboard,  and  compara- 
tive infrequency  of  communication,  render  expedient.  As  fur- 
nishing ornamental  woods  to  the  cabinet-maker,  also,  the  Lake 
Supenor  maples,  both  sugar  and  red,  are  of  considerable  eco- 
nomical value.  It  is  a  remarkable  fact,  that  nearly  every  maple 
trunk  in  these  forests  affords  one  or  other  of  those  beautiful  and 
highly-prized  varieties  of  structure,  known  as  "  birds-eye  "  and 
"  curled  "  maple.  A  saw-mill  has  recently  been  erected  on  the 
main  shore,  opposite  Grand  Island,  for  the  purpose,  mainly,  of 
furnishing  these  ornamental  woods  for  exportation  below;  and 
it  would  seem  that  the  enterprise  can  hardly  fail  to  prove  a 
profitable  one.  The  .4.  spicatum,  which  (jenerally  occurs  only  as 
a  bush,  here  attains,  in  many  instances,  tne  dignity  of  an  under- 
sized tree.  One  specimen  at  Mackinac  measured  thirty  feet  in 
height,  with  a  trunk  seven  inches  in  diameter ;  and  several  others 
were  noticed  at  various  points,  hardly,  if  at  all,  inferior  in  size. 

RHAMNACEiE. 

ANOTHUS,  L. 

americanus,  L.     (Jersey  Tea.) 

POLYGALACE.E. 

LVGALA,  Tourn. 

paucifolia,  Willd.     (Flowerini^  Wintergreen.) 


LEGUMINOSii:. 


[CIA,  Tourn. 

ainerlcana,  Muhi, 


[^} 
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LathykuS)  L. 

maritimus,  Biff.    (Beach  Pea.)    Common  on  sandy  shores 

ochrolenicus,  Hook.    Keweenaw  Point. 
TaiFOLiuM,  L. 

pratense,  i.     (Red  Clover.) 

repens,  L.    (White  Clover. 

ROSACE.E. 

CEaASUSy  Juss. 

pumila,  Michx.     (Sand  Cherry.) 

.  pennsylvanica,  Loisel, 

serotina,  D.  C.  (Wild  Cherry.)  Of  these  three  cherries,  the  tro 
latter,  the  red  and  the  blacky  are  about  equally  frequent;  the 
latter,  in  this  high  latitude,  so  reduced  as  not  to  exceed  the  otkr 
in  size.  The  first,  the  Sand  Cherry,  abounds  on  the  lieht  sands 
of  the  southern  shore — a  mere  bush,  two  or  three  reet  high, 
heavily  loaded  in  September  w^ith  dark  fruit,  nearly  as  large  and 
rich-looking  as  that  of  the  garden  cherry,  but  unfortimately, 
quite  tasteless  and  insipid. 

SdPIBJE^,  X. 

opulifolia,  L.     (Nine-bark.) 

salicifolia,  L,     (Meadow  Sweet.)     Carp  river. 
Ageimonia,  Toum. 

eupatoria,  L.     (Agrimony.) 
Geum,  Xr. 

vernum,  Torr  fy  Gray. 

rivale,  L.     (Avens.) 
Wal    teikia,  Wiud, 

fragaroides,  Tratt. 
Potentilla,  L. 

norvegica,  X.     Native  and  common. 

arguta,  Pursh.    Isle  Royale. 

fruticosa,  X.     Common  on  bare,  rocky  shores. 

tridentata,  Ait.    As  the  last,  and  yet  more  abundant. 

COMARVM,  X. 

palostre,  X. 
Fbagaria,  Toum. 

virginica,  Ehrh.     (Strawberry.) 

RUBUS,  X. 

nutkanus,  Mocino, 

triflorus,  Richards. 

strigosus,  Michx.     (Wild  Raspberry.) 

^illosus.  Ait.     (Blackberry.) 

Of  these  species  of  Rubus,  the  R.  nutkanus  is  the  commonest, 
occuring  abundantly  as  underbrush,  in  the  shade  of  almost  every 
piece  01  woods  on  dry  soil,  and  in  July  prettily  ornamenting  the 
surface  with  its  showy  white  blossoms,  which  are  nearly  as  large 
as  those  of  the  wild  rose.     Its  fruit  is  ripened  in  the  latter  part  of 
August,  and  has  a  peculiar  acid  flavor,  which  is,  at  first,  quite 
pleasant  and  piquant.     It  is  excellent  for  preserving.    The  com- 
mon red  raspberry  is  also  exceedingly  abundant^  &e  blackberry 
comparatively  quite  raie. 
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stxicia  fL.    The  common  wild  rose  of  the  region. 
Carolina y  L.    Mackinac. 

AJXGUSy  L. 

coccinea,  (Scarlet  Thorn.^ 
tomentosj,  L.     (Black  Thorn.) 

RUSy  L. 

aroutifolia,  L,     (Choke  Berry.)     Saut  Ste.  Muiio. 

americana,  Z).  C.  (Mountain  Ash.)  The  Mountain  Ash  wa^^  in 
full  blossom  on  Lie  Roy  ale  in  August,  and  was  a  conspicuous 
object  amid  the  forest  growth  of  the  island.  The  trees  were  all 
of  soivill  size  and  much  scattered^  which  was  also  the  case  on 
the  southern  shore. 
tKLANCH.£a>  Med. 

canadensis,  Torr,  fy  Gray. 

ONAGRACE^. 

ILOBIUM,  L. 

angustifolium,  X.     (Fire  Weed.)     Very  common, 
coloratumy  Muhl. 
palustre,  L. 

»0THERA,  L. 

biennis,  L.     (Evening  Primrose.) 
chrysantha,  Michx.     Ontonagon  Falls. 
CiEA,  Tsicrn. 

lutetiann,  L.     (Enchanter's  Nightshade.) 
alpina,  L.     (Alpine  Enchanter's  Nightshade.) 

GROSSULACEiE. 

ES,  L, 

cynosbati,  L.     (Common  Wild  Gooseberry.) 

lacustre,  Poir, 

prastratum,  L'Her. 

floridum,  L,     (Wild  Black  Currant.) 

SAXIFRAGACE^. 

:iFRAGA,  L, 

virginiensis,  Michx, 
aizoon,  Ja'?q.     Shores  of  Isle  Royale. 
tricuspidata.     Scovill's  Point,  Isle  R6yale. 
ELLA,  Tourn. 

diphylla,  i.     (Mitre-wort.) 

nuda,  L.     Both  abundant ;  the  latter  the  more  common, 

^KLLA,  x>. 

cordifolia,  L, 

UMBELLIFERiE, 

icuLAy  Tourn. 

marilandica,  L.     (Sanicle.) 
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IIcn-VCLEUM,  L. 

lanatjm,  Michx.     (Cow  Parsnip.)      Abundant   everywhere,  and 

mointrous. 
ZiziA,  Koch, 

iategcrrima,  DC.     (Alexanders.) 

C.C'JTA,  L. 

m  .culntii,  L.     (Cowbane.) 

bulbifv-ra,  L, 
Srj:.i,  L. 

ii  iciro,  Michx.     (Water  Parsnip.) 
O.iior.  iMiZA,  Raf. 

brevity  lis,  DC.     (Sweet  Cicely.) 

u  .cjLitum,  L.     (Poison  Hemlock.)    ilackinac. 

ARALIACEiE. 

r.;c?mosi,  L.     (Spikenard.)     On  dry  heights, 
nidic lulis,  /..     (WilJ  S.irs.iparilla.) 
hispid  a,  Michx. 
Panax,  L. 

quinquefolium,  L.     (Ginseng^.)     Ontonagon  river. 

CORNACE.E. 

ConNUs,  Toitrn. 

circinata,  VHer. 
c madensis,  L, 

stolonifera,  Michx.     From  the  inner  bark  of  this  species,  whicli  is 
ubundant,  the  Indians  prepare  a  "  kinnekialk,'*  for  smoking. 

CAPRIFOLIACE/E. 

Linn JE A,  Groncr. 

borealis,  Gronov.  (Twin-flower.)  cxccedinp^Iy  abundant :  tracts  of 
dry,  level  forest  arc  everywhere  almost  carpeted  with  it.  Flowers 
large,  generally  brightly  tinged  with  rose,  and  emitting  a  dehght- 
fill  fragrance.  It  was  in  blossom  on  the  island  of  Mackinac  late 
in  June,  and  on  the  27th  of  September  it  was  still  found  blooimng 
at  Grand  Marais. 
1-.oxice:ia,  L. 

parviflora,  Lim.     (Wild  Hojiey suckle.) 
ci!i  ita,  MM.    (Twin  Honeysuckle.) 
oblongifoliaj  Ma  hi. 
DiEUViLLA,  rourn. 

trifida,  Mxnch.     Abundant. 
Samd'jcus,  L. 

pubens,  Michx.     (Red-berried  Elder.) 
Viburnum,  L. 

nudum,  L. 

opuUis,  L.     (Bush  Cranl>erry.) 

lantanoides,  Mickr.     (Hobble-bush.)    None  of  the  species  abundant 
in  the  region  visited. 
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RUBIACRE. 

XXUM,  L. 

aparine,  L. 
asprellum,  Mlchx, 
tnfloruin,  Michx. 
lanceolatuni,  Torr. 
boreale,  L. 

ITCBELLA,  L. 

repens,  L.     (Partridge  Berry.) 

COMPOSITiE. 

PATORiuM,  Toum. 

purpureum,  L,     (Joe-Pye-weed.) 

ageratoides,  L, 
ssiLAGo,  Toum. 

farfara,  i.     TCoIt's-foot.)     Saut  Ste.  Marie. 

ENOPAULON,    Hook. 

bicolor,  Uook.     Gommon  in  moist  situations  up  the  Ontonagon  river. 
r£B,  L. 

macrophyllus,  L,    Abundant. 

fmniceus,  L. 
ongifolius,  Lam,     South  shore, 
acuminatus,  Michx. 
ptarmicoides,  Torr.  and  Gray.     Isle  Royale. 

IDAGO,  L, 

bicolor,  L,  var.  concolor.     South  shore,  commonest  species, 
humilis,  Pursh. 
arguta,  AU. 

lanceolate,  L.     Qoldenrods  and  asters  are  nowhere  common  in  the 
lake  region. 

SERON,  L. 

canadense,  L.     Eagle  river, 
philadelphicum,  X. 

»B£CKIA,  L. 

laciniata,  L.     Carp  river. 
ENS,  L.. 

cemua,  L.     (Beggarticks.) 
chrysanthemoides,  Michx. 

[ILLEA,  L. 

millefolia,  L. 

CANTHEMUM,   ToUTTl. 

vulgare,  L.     (Ox-eye  Daisy.) 

rACETlTM,  L. 

huronense,  Kutt.     Grand  Marais. 
'ENNARiA,  Gart. 

plantnginiiblin,  Ihok.     (Everlasting.) 

'EMISIA,  L. 

canatlensis,  Michx. 

kPHALIUM,  L. 

decurrens,  Ives. 
polyc^phahmi,  Michx. 
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SfeNECtO,  L. 

aureus,  L. 
Arnica,  X. 

mollis,  Hook.     Copper  Harbor 
CiBSiuM,  Tourn. 

]anceolaturo,  Scop.     (Common  Thistle.) 

pitcheri,  Torr.  and  Gray.     Grand  Sable. 
Lappa,  Tourn. 

major,  Gart.     (Burdock.) 
HifiRACJiuM,  Tourn. 

canadense,  Michx. 

sea  brum,  Michx. 
Nabalus,  Cass. 

albus.  Hook. 
Taraxacum,  Haller. 

dens-leonis.  De^f. 

LOBi!.LIACEiE. 

Lobelia,  L* 

kalmii,  L.    Abundant  on  the  bare  trap  shores  of  Isle  Royale. 

CAMPANULACEiE. 

Campanula,  Tourn 

rotundifolia,  L.     (Harebell.)     Very  common, 
rotundifolia^  var.  linifolia.     Isle  Royale. 
aparinoidesj  Pursh. 

ERICACEAE. 

Gaylussacia^  H.  B.  and  K. 

resinosa,  Torr.  and  Gray.     (Huckleberry.) 
Vaccinium,  L. 

oxycoccum,  L.    (Cranberry.) 

macrocarpum,  Jlit.     (Cranoerry.) 

Canadense,  Kalm.     (blueberry.) 

racillans,  Sol.     (Blueberry.) 

corymbosum,  L.  The  huckleberries  and  blueberries  espef*ially 
abound  along  the  south  shore  of  the  lake,  on  the  sandy  soil,  un- 
der the  shade  of  the  red  pines.  Their  fruir  is  much  larger  and 
sweeter,  and  borne  in  fjreater  profusion  than  we  had  ever  ?t^n  it 

.  elsewhere.     It  is  greeddy  eaten  by  pigeons,  robins,  golden-wiDgrri! 
woodpeckers,  &c.,  as  well  as  by  chance  travellers  along  the  shoro. 
Abctostaphylus,  Adans. 

uva*ursi,  Sprensr.     (Bear-berry.)     Very  common,  sharing  wirh  the 
Linnaea  the  office  of  carpetinc:  the  forest.     Its  leaves  are  dried  [»v 
the  Indians  and  mixed  with  their  tobacco  for  smoking.     Thty  call 
it  *•  kinnekinik." 
Oaolthebia,  Kalm. 

procumbens,  L.    (Wintergreen.) 

repens,  L,    (Trailing  arWlws.    'ilv^j-fiv^w.'^ 
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polifoliay  L, 
calyailata,  L. 

►T7M,  L. 

latifoliumy  Ait.    (Labrador  Tea.)    Aboondiog  in  the  swampe  of  Lile 
Royale. 

LOLA)  L, 

rotundifoliay  L. 

asarifolia,  Michx.    (Shin*Ieaf.). 

elliptica,  J^utt. 

chlorantha,  Swartz. 

secunda^  L. 
>N£S£S)  Salisb. 

uniflora^  L. 
tMAPHiLA,  Pursh, 

umbellata,  JVW/.    (Prince's  Pine*) 

^OSPORA)  ^utt. 

andromedea,  J^Tutt.    Carp  river. 

P0PITT8,  JDilL 

lanuginosa,  JVW^    Ontonagon  riyen 
KOTROPA,  Granov. 

uniflora,  L.    (Indian-pipe.) 

PRIMULACEiE, 

BCULAy  Ir. 

farinosa,  L.  % 

mistassinica,  Michx. 

EITTALISy  X. 

americana,  Purth. 

[MACHIA,  Z. 

dliata,  L.    (Loose-strife.) 
rMBURGiA,  Mctnch. 
thyrsiflora,  Reicheub. 

LENTIBULACilS. 

ICULA&IA,  L. 

Tiilgarisy  L. 

intermedia,  Haym.    Copper  Harbor* 
uicuLA,  Toum. 
vulgaris,  X. 

OROBANCHACEJL 

TLLON,  Mitchell. 

uniflorum,  Torr.  4*  Or. 


SCROPHULARUCEJL 


LONE,  Tourn. 
glabra,  L. 

VLVSf  L. 

ringm,  L.    (Moiikfjr^ikmtr.) 
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americana,  Schw,    (JSpeed-well.) 
Gerardia,  L. 

purpurea,  L.    Mackinac. 
Castilleja,  Mutis. 

coccinea,  Sprene*    Mackinac. 

septentrionalis,  Lindl,    Common. 
Euphrasia,  Toum. 

officinalis,  L.    Isle  Royale. 
Pedicularis,  Toum. 

canadensis,  L.    (Louse-wort.) 
Melampyrum,  Toum. 

pratense,  L.    (Cow-wheat.)    Abundant  ereryvrhut. 


VERBENACE^. 

Verbena,  L. 

hastata,  L.    (Vervain, 
urticifolia,  L.    (Vervam.) 

LABUT^ 

Mentha,  L. 

canadensis,  L.    (Wild  mint.) 
Lycopus,  L. 
^  virginicus,  L. 

sinuatus,  Ell. 
Clinopodium,  L. 

vulgare,  L. 
Prunella,  L. 

vulgaris,  L.    (Heal-alL)    Common. 
Scutellaria,  X« 


Sralericulata,  Z«     (Scull-cap.) 
ateriflora,  L. 
Stachys,  L. 

aspera,  Michx.    (Hedge-nettle.) 


BORAOINACE^ 


Mertensia,  Roth. 

pilosa.    Elm  river; 

LlTHOSPERMUM,  Toum. 

officinale,  L.    (Hound'i-toi^^.) 
virginicum,  X. 


SOLANACEA. 


Phtsalis,  L. 

viscosai  X. 


*.■'  ■ 
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OENTUNACEJE 

Juinqueflora,  Lam. 
etoQsay  Fri$s.    Maeldx;&C* 
froelichii,  Tort.  4*  Gr. 
alba,  Muhl. 
ILENIA,  Borkh. 

deflexa,  OrisA. 

ENYANTHES,  Toum. 

trifoliata,  L. 

APOCYNACEiE. 

^ocnnrMy  Taum. 

androssemifoIiuiDy  L. 
cannabinum,  L.    (Indian  Hemp.) 

ASCLEPUDACRffi. 

€L£PIA8»  L. 

incarnatai  L.    Ontonagon. 

OLEACKS:. 

AZiNus,  Toum. 

americana,  L.    (White  Ash.) 

sambucifolia,  Lam.  (Black  Ash.)  Of  these  two  ashes  the  latter 
is  by  far  the  most  common,  being  very  generally  met  with  on  low 
lands.  It  is  much  less  valuable  than  the  other  species.  It  was 
only  in  the  Ontonagon  valley  that  we  met  with  the  white  ash, 
and  even  there  we  saw  of  it  only  a  few  trees ;  which  were,  how- 
ever, very  tall,  shapely  and  handsome. 

ARISTOI^OCHIACE^. 

A&UM,  Toum. 

canadense,  L.    (Wild  Ginger.) 

CHENOPODIACE^ 

[ENOFODIVM,  L. 

hybridum,  L.    Mackmac. 

POLYGONACEiE. 

LTOOirOM,  L. 

viviparum,  L.    Isle  Royale ;  common. 

amphibium,  L*    Teal  Lake. 

aviculare,  L. 

articulatum,  L.    Common  on  the  sand-beaches  of  the  south  shore. 

cUinode,  Michx.    Frequent. 
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erispnsy  £.    (Doek.) 
»cet08eUa»  Z*    (Sorrel.) 


THTMELACEiE. 


palustris,  L. 


ELEAGNACKS. 


canadensis,  JVW/.    A  common  short. dinib,  on  dry  shores* 

SANTALACE^. 

COMAXDRA,  Jfuit, 

umbellatay  Jfvtt. 

Uvida.    Isle  Royale ;  common. 

ULMACR/E 

tlLMr^i,  L. 

americana,  L.    (Elm.) 

fulva,  Michx.    (Slippery  Elm.)    The  elm  is  especially  abundant 
and  flourishing  in  the  Ontonagon  valley. 

EMPETRAGE^. 

Empktrum,.  T^xjum. 

nigrum,  L.  ■  (Crpwberry.) 

CUPULIFERiE. 

QUERCUS,  L. 

rubra,  Z.  (Black  Oak.)  The  great  family  of  oaks  is  repiresented 
in  the  vicmity  of  the  lake  by  this  single  species  only ;  and  even 
this  is  of  rather  rare  occurrence,  and  attains  no  great  size, 
appearing  gener^y  as  a;  high  bush,  or  a  low  scraggy  tree.  It 
was  only  in  the  Ontonagon  valley  that  we  found  it  rismg  to  any- 
thing lilce  the  proper  height  and  majestic  appearance  of  the  oak. 
It  is  of  little  or  no  value  as  timber. 
Fagus,  Toum* 

ferruginea.  Ait.  (Beech.)  *The  beech  forms  a  considerable  share  of 
the  growth  on  the  island  of  Mackinac,  but  from  thence  north- 
ward and  westward,  we  saw  no  more  of  it,  excepting  at  one 
point.  This  was  at  the  PictuHed  Rocks^  on  a  tract  stretching 
back  from  the  edge  of  those  precipices,  the  soil  of  whic|i  was  a 
fine  light  drift-sand.  It  was  thriving  admirably  then,  much 
excelling  in  size  9^  appjearance  the  rather  dwarfish  growth  at 
Mackinac. 
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lUB,  Toum. 

rostrata>  Mt.    (Beaked  Hazel.) 

americana,  Walt  (Hazel.)  Tie  hazels  are  very  common  as  under* 
brushy  in  ahnost  every  dry  forest.  No  appearance  of  fruit  was  at 
any  time  noticed  upon  them ;  and  indeed,  by  the  absence  of  some 
species,  and  the  rarity  or  sterility  of  others,  the  lake  region  seems 
almost  entirely  deprived  of  nuts  of  native  growth.  With  the 
nuts,  of  course,  are  also  found  wanting  the  squirrels,  except  the 
red  and  ground  squirrels. 
TA,  Micheli. 

virginica,  {Willd.)  (Hop  Hornbeam.)  On  the  trap  ridges,  the  hop 
hornbeam,  or  iron-wood,  as  it  is  generally  called,  is  not  unfre- 
quently  found  sparingly  scattered  through  the  forest.  Its 
exceeding  hardness  and  toughness  render  it  valuable  where 
strength,  and  no  great  size  of  material,  is  required. 

MYRICACEiE. 

gale,  L.    (Sweet  Gale.) 

BETULACE^. 

.A,  T(mm» 

lenta,  L.    (Black  Birch^ 

excelsa,  Mt.     (Yellow  Birch.) 

papyracea,  .^t/.  (White  Birch.)  One  or  two  of  the  dwarf  Alpme 
species  undoubtedly  abo  occur  on  the  ridges,  but  they  were  not 
noticed.  The  last  of  the  three  mentiqned — the  canoe,  or  paper, 
or  white  birch — is  the  most  abundant,  occurring  almost  every- 
where, interspersed  among  the  other  species  of  the  deciduous 
forests.  It  is  valuable  for  the  almost  infinite  variety  of  uses  to 
which  its  bark  can  be  turned — from  the  manufacture  of  canoes 
down  to  the  preparation  of  little  specimen  boxes  ahd  water  cups, 
and  the  kindling  of  camp  fires.  It  arrives  at  considerable  size  in 
the  lake  forests;  but  we  nowhere  meet  with  trees  capable  of 
furnishing  bark  in  sheets  large  enough  for  the  uses  of  the  canoe 
builder.  For  fuel  it  is  much  infericy  to  the  black  birch,  which 
ranks  second  only  to  the  sugar  maple.  The  black  birch  is  also 
plentiful,  although  more  nice  in  the  selection  of  its  soil  than  the 
other ;  it  is  rather  confined  to  high  or  rocky  ground.  It  attains 
a  most  majestic  size.  Its  wood  is  valuable,  not  only  for  burning, 
but  also  for  the  various  uses  of  the  cabinet  maker. 
5,  Toum. 

incana,  Willd. 

viridis,  D.  C.  Both  these  alders  are  abundant  in  the  lake  country, 
but  they  occur  in  quite  different  situations.  The  former  prefers  a 
wet  soil,  and  forms  here  and  there  compact  and  tangled  ^^  alder 
swamps'*  on  flooded  land;  or,  especially  and  frequently,  long 
strips  of  almost  impenetrable  thicket,  a  few  rods  in  width  on 
either  side  the  river  that  cuts  and  pretends  to  dram  an  extensive 
cedar-swamp.  The  other  is  generally  scattered  along  the  shore, 
on  dry  and  rocky  lands. 
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SALICACE^. 


PopuLus,  Taum. 

tremuloides,  Michx.     (Aspen.) 

Srandidentata,  Michx,     (Great  Poplar.) 
alsamifera,  L,     Of  these  three  poplars  the  first  is  so  much  the  most 
abundant,  that  the  others  are  hardly  worth  mentioning;  and 
indeed  the  latter  are  quite  rare,  and  only  individual  specimens 
were  found  by  us  occurring  here  and  there.     The  former,  on  the 
contrary,  is  one  of  the  commonest  species  about  the  lake.    It  b 
the  tree  that  seems  to  spring  up  most  readily  and  abundantly, 
where  the  ancient  forest  has  been  prostrated  by  fire  or  tempest, 
although  nowhere  excluding  all  intermixture  of  other  species,  as 
the  birches,  maples,  and  lesser  (evergreens.     It  is  of  little  or  no 
economical  value,  and  indeed  seldom  attains  a  size  sufficient  to 
furnish   any  consfderable   timber.     Yet   it   excels   the   southeni 
growth  of  the  same  species;  and  on  the  northern  ridge  of  Isle 
Koyale  there  are  trees  of  it  wluch  tower  conspicuously  above  the 
mass  of  the  forest  about  them.     The  willows  which,  as  at  tbe 
East,  are  found  more  or  less  abundantly  everywhere  in  moist 
grounds,  it  was  not  found  convenient  to  analyze  and  identify. 

URllCACEiE. 

Urtica,  Toum, 

canadensis,  L,     (Nettle.)    Ontonagon  river, 

» 

CONIFER.E. 

Pwus,  Toum. 

banksiana,  Lamb. 

resinosa.  Ait.    (Red  or  Norway  Pine.) 

strobus,  L.  (Wnite  Pine.)  The  white  pine  is  to  be  found  in  aU 
parts  of  the  lake  country ;  yet  nowhere  did  we  find  it  growing  in 
great  abundance,  nowhere  forming  what  could  properly  be  called 
a  fine  forest.  It  rather  appears  in  single  trees,  standing  amid  the 
mass  of  deciduous  forest,  and  far  overtopping  it,  or  in  little  clumps 
of  a  dozen  or  two,  on  the  crest  of  a  ridge.  In  many  quarters,  as 
for  example,  in  the  vicinity  of  Copper  Harbor,  the  white  pines 
have  all  fallen  with  the  ancient  forest,  struck  do'»vn  by  fire  or  by 
tornado,  and  only  their  huge  trunks  are  left  decaying  on  the 
earth,  under  the  shade  of  the  young  growth  that  has  sprung  up  to 
cover  the  surface  anew.  It  is  not  at  all  stunted  in  its  growth  by 
the  severity  of  the  northern  climate,  but  attains  a  diameter  and 
height  nearly  as  great  as  in  its  most  noted  localities.  It  is  unfor- 
tunate for  the  interests  of  the  Territory  that  so  little  of  its  soil  is 
heavily  timbered  with  this  pine ;  yet  its  deficiency  is  in  some  mea- 
sure made  up  by  the  abundance  and  excellence  of  the  red  or 
Norway  pine,  which,  though  by  no  means  as  valuable,  yet  forms 
a  tolerable  substitute  for  the  other,  when  that  cannot  be  provided 
in  abundance.  The  red  pine  occurs  not  only  scattered  throueh 
the  mixed  forests,  but  occupying  alone  tracts  of  considerate 
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extent,  and  on  low  sandy  plains  {generally  forming  ''pine  plainSi'* 
in  which  the  trees  stand,  orchard-like,  singly,  not  far  enough 
apart  to  prevent  their  boughs  from  interlacing  at  the  top,  yet 
leaving  free  communication  among  their  trunks  at  the  base;  the 
ground  under  them  being  quite  bare  of  underbrush,  and  at  most  only 
covered  with  the  low  trailing  bushes  of  the  whortleberries.  The 
trees  on  these  plains  are  from  seventy  to  a  hundred  feet  high,  with 
straight,  shapely  trunks,  which  are  free  of  branches  nearly  to  the 
summit,  and  of  size  sufficient  to  furnish  very  good  timber. 

The  other  species,  Banks's  pine,  is  a  rough  and  scrubby  little  tree, 
of  no  economical  value,  growing  stragglingly  on  the  roughest 
and  barrenest  coasts,  or  more  rarely  attempting  to  shoot  up  after  a 
comelier  fashion,  on  better  soil  and  in  good  company. 
zs,  Toum. 

balsamea,  Marsh.     (Balsam  Fir.) 

canadensis,  Mickx.     (Hemlock.) 

alba,  Michx.     (White  Spruce.) 

nigra.  Pair.  (Black  Spruce.)  The  balsam  fir  is  everywhere  dis- 
seminated, forming  a  greater  or  less  share  of  nearly  every  forest, 
so  that  it  is  rarely  that  the  traveller  or  even  explorer  pitches  his 
tent  at  night  in  a  neighborhood  where  its  branches  are  not  to  be 
procured  to  serve  as  nis  mattress.  The  balsams  are  conspicuous 
objects  in  the  forest  landscape,  their  slender-pointed  tops  being 
distinctly  defined  by  their  darker  shade  of  green  amid  the  brighter 
foliage  about  them.  The  hemlock  and  spruces  are  likewise  fre- 
quent, the  former  choosing  the  ridges  and  rocky  soil,  the  latter 
associated  in  the  swamps  with  the  cedar,  or  more  rarely  forming 
"  spruce  plains'*  in  moist  and  level  grounds,  to  the  exclusion  of 
other  species.  Of  the  trio,  the  white  is  much  the  more  common. 
.IX,  Toum. 

americana,  Michx.     (Larch,  Hacmetack,  Tamarack.)     The  larch 
is  another  tree  often  found  in  the  swamps  with  the  cedar,  nowhere, 
as  far  as  we  noticed,  attaining  a  very  considerable  size. 
rjA,  Toum. 

occidentalis,  L.  (Arbor  Vitae.  White  Cedar.)  The  white  cedar,  or 
cedar,  as  it  is  generally  styled,  is  perhaps  the  most  abundant  and 
widely  and  universally  diffused  of  all  the  trees  of  the  district.  It 
grows  in  every  situation ;  on  the  rough  summits  of  the  trap  ridges, 
along  the  hill  sides,  on  the  plains,  by  the  shores,  but  most  espe- 
cially in  the  extensive  "cedar  swamps"  which  cover  so  consider- 
able a  portion  of  the  face  of  the  country,  filling  the  low  grounds 
everywhere.  Wherever  there  is  a  tract  of  plain  land  of  so  litt  e 
inclination  as  not  to  be  readily  and  thoroughly  drained,  there  is  a 
cedar-swamp.  Nothing  is  more  characteristic  of  the  country,  and 
nothing  more  troublesome  and  vexatious  to  those  who  journey  about 
it,  for  the  disagreeableness  and  difficulty  of  making  one's  way 
through  such  a  swamp  are  extreme.  The  tangled,  crowded  mass 
of  cedars,  interlacing  from  the  very  bottom  with  their  dead,  stiff, 
incorruptible  lower  nmbs,  rises  up  out  of  a  bed  of  mud  and  water, 
varying,  according  to  the  situation  and  the  season,  between  ankle- 
deep  and  waist-deep,  filled  with  fallen  logs  and  rugged  roots,  that 
furnish  a  deceitful  semblance  of  secure  iooU    Tuq  cedar  of  thA 
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swkmps  IS  a  low,  scraggy,  ugly  tree ;  xn  more  favorable  sitiiatioM 
it  sometimes  attains  the  height  of  eighty  feet  or  more,  with  a 
diameter  at  the  base  of  two  or  three  feet.  Its  wood  and  bark  hold 
the  very  first  rank  for  durability ;  yet  so  rough,  irregular,  and  rapid- 
ly tapering  are  its  trunks  generally,  that  it  is  very  difficult  to  pro- 
cure from  them  any  valuable  timber.  Its  bark,  peeled  on  in 
squares,  is  made  much  use  of  for  thatching  the  whole  outer  wu^ 
face  of  cabins. 

JUVIPERUS,  L. 

communis,  L.     (Juniper.") 

virginiana,  L.  var.  humilis.     ([Red  Cedar.)     The  latter  of  the  two 
'  junipers  is  found  in  the  vicinity  of  the  lakes  only,  as  a  low,  pros- 

trate, creeping  shrub ;  a  variety   characteristic  of  this  tree  m 
high  latitudes. 
Taxus,  Toum, 

canadensis,  Willd.  (Yew.  Groimd  Hemlock.)  The  yew  is  very 
common,  bedding  the  surface  under  the  shade  of  the  higher  forest. 
It  much  impedes  the  progress  of  the  traveller,  and  is  of  no  value 
in  any  way. 

ARACEiE. 

Arum,  Z. 

triphyllum,  X.     (Jack-in-the-Pulpit.^ 
Callai  L. 

palustris,  Z.    Not  common* 
Symplocarpus,  Salisb. 

foetidus,  Salisb,     (Skunk  Cabbage.) 

TYPHACEiE. 

Typha,  Toum. 

latifolia,  L.     (Cat-taiL) 
Sparganium,  Toum. 

natans,  L.    Isle  Royale. 

ORCHIDACm. 

CoRAtLORHiZAj  Halhr. 

multiflora,  Jfutt. 

innata,  J?.  Brown.    Not  rare. 

macrsei,  Gray.    Abundant  at  MackinaCi  aad  said  by  the  surveyoif 
to  be  met  with  also  up  the  lake. 
Calypso,  Salisb. 

borealis,  Salisb.    Mackinac. 
OymnAd£nia,  R.  Brown. 

tridentata,  Lindl. 
PtATANtHEWA,  Richards. 

obtusata,  Lindl.    Very  common 

orbiculata,  Lindl.    Not  rare. 

hookeri,  Lindl. 

bracteata,  Torr. 
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h^rperborea,  Lindl. 

dilatata,  Lindl. 

psycodeSy  Gray. 
CTHU8A,  Gronov. 

bttlbosa,  jL. 
ONiA,  Juss. 

ophioglossoides,  ^utt. 
.oppGON,  K.  Brovm. 

pulchellum,  !{.  Brovm. 
lANTHCs,  Richards. 

cernua,  Richards. 
^DTEEA,  R.  Brown. 

repens,  R.  Brown. 

pubescens,  R.  Brown.     (Rattlesnake-leaf.) 
r£RAy  R.  Brovm. 

cordata,  R.  Brovm. 

convallarioidesy  Hook.    Not  common. 

•ftXPEDIUMy  L. 

parviflorum,  Salisb.     rYellow  Lady's  Slipper."^ 
acaule,  .^it.    (Lady's  Slipper.) 

IRIDACEiE. 

I,  L. 

versicolor,  L.    (Wild  Flower-de-Luce.) 
lacustris,  J^uit.    Mackinac, 

rRINCHIUM,  jL. 

bermudianum,  L.    (Blue-eyed  Grass.) 


SMILACE^. 


LAX,  Toum. 
herbacea,  L, 

LLIUM,  L. 

'■  grandiflorum,  Salisb. 


LILIACE^. 


> 


YGONATUM,   Toum. 

pubescens,  Pursh. 

LACiNA,  Desf. 
racemosa,  Desf. 

stellata,  Desf.  •  \ 

trifolia,  Desf.  ) 

bifolia,  Ker.  ^ 

jrroNiA,  Raf. 

borealis,  Raf.    Very  abundant  in  cold  woods,  growing  with  sphag- 
nous  moss,  and  almost  covering  the  surface. 

.lUM,  L. 

tricoccum,  Ait.    (Wild  Onion.) 

[UM,  X. 

philadelphicum,  L 
canadense,  L. 
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E&YTHKONIUM,  L. 

americanum,  Smith.     (Adder-tongue.) 


MELANTHACE^. 

Str£Ptopus,  Michx. 

amplexifolius,  DC,    Eare. 

roseus,  Michx,    Very  common. 
ToFiELDiA,  Hudson. 

glutinosa,  Willd. 

palustris.    Isle  Royale. 

CYPERACE^. 

DuLicHiuM,  Richards, 

spathaceum,  Pers. 
Eriophorum,  L. 

alpinum,  L, 

virginicum,  L, 

graciky  Koch. 
Carez,  L. 

polytrichoides,  Muhl. 

backiiy  Boott,    Ontonagon  river. 

stipata,  Muhl, 

trisperma^  Dew. 

tenuiilora,  Wahl. 

canescens^  L. 

deweyana^  Schw. 

scoparia^  Schk. 

stricta,  Lam. 

crinita,  Lam. 

irriffua,  Smith. 

buxoaumii,  Wahl. 

aurea,  J\Putt. 

granulans,  Muhl. 

grisea,  Wahl. 

gracillima,  Schw. 

varia,  Muhl. 

scabrata,  Schw. 

flexilis,  Rudge. 

flava,  L. 

intumescens,  Rudge. 

retrorsa,  Schwein. 

vahlii.     Isle  Royale. 


GRAMINE^ 


Alopecurus,  L. 

pratensis,  L. 
Phleum,  L. 

alpinum,  jL, 
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lOSTIS,  L. 

scabra,  Willd, 
alba,  L. 

NA,  L, 

pendula,  Trin, 
%CHELYTRUM,  Beauv, 
aristatum,  Beauv, 

LAMAGROSTIS,  AdaUS, 

arenaria,  Trin.   A  sea -side  speries,  common  on  the  southern  beaches. 

canadensis,  Bcauv,  fBlue  Joint.)  The  C.  canadensis  is  a  very  valu- 
able grass  to  the  lalce  settlers,  rarely  of  many  acres  in  extent.  A 
luxuriant  growth  covers  the  meadows  occurring  here  and  there  along 
the  rivers,  which  are  carefully  sought  out  and  appropriated  by  the 
dwellers  in  the  vicinity.  They  are  mowed  in  August,  and  the 
grass  dried  and  stacked  upon  the  spot.  Then,  in  winter,  when 
the  deep  snow  has  completely  covered  up  the  under-brush  in  the 
forests,  and  made  them  everywhere  passible,  the  hay  is  dragged 
home  by  sled  or  dog-train.  It  is  said  to  be  greedily  eftten  by  the 
cattle,  and  to  be  ts  nourishing  as  herds-grass.  It  grows  shoulder- 
high,  so  that  even  a  small  meadow  furnishes  a  great  store  of  hay. 
Yzorsis,  Michx. 

asperifolia,  Michx. 
YCEBiA,  R.  Brown, 

nervata,  Trin. 

aquatica.  Smith. 

fluitans,  R.  Brown. 
iy  L. 

annua,  L.    Mackinac. 

serotina,  Ehrh. 

pratensis,  L. 

compressa,  L, 

>MUS,  L. 

ciliatus,  //• 

secalinus,  L,     (Chess.)     Native? 

TICUM,  L. 

repens,  L. 
rMUs,  L. 

virginicus,  L. 
canadensis,  L. 

var.  glaucifolius. 
striatus,  Willd. 
hystrix,i. 

LA,  JL.  • 

csspitosa,  Zr. 
X8ETUM,  Kunth»  * 

molle,  Kunth, 
irrHONiA,  D.  C. 

spicata,  Beauv.  ^ 

ALARIS,  L. 

arundinacea,  L. 

ILIUM,  2/. 

effusum^  Ir« 
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Panicum,  L. 

dichotomum,  L. 
depauperatum,  Muhl. 


EQUISETACEiE. 


Equisetum,  L. 

arvense,  L. 

sylvaticumy  L. 
^  hyemale,  L. 

scirpoides,  Michx. 


FILICES. 


PoLrPODlUM,  Z. 

vulgajre,  L. 

phegopterisy  L. 

dryopteris,  L.    All  abundant,  especially  the  last. 

STRtTTHlOPTCRIS,  WUld. 

germanica,  WUld. 
Allosorus,  Presl. 

acrostichoides.    Middle  Finger,  Isle  Royal- 
Ptrris,  Zr. 

aquilina,  L.     Everywhere. 
AniAin'UM,  Z. 

pedatum,  Z.     In  patches;  coinmon. 

ASPLENIUM,  Z. 

trichomanes,  Z. 

felix  femina,  R,  Brovm, 
CvsTOPTERus,  Bemh. 

bulbifera,  Bemh. 

fragilis,  Bemh. 
WooDSiA,  R.  Brown. 

ilvensis,  JR.  Brown. 
Dryopteris,  Adans. 

intermedia,  Muhl. 

POLYSTICHUM,  Rot/t. 

aculeatum,  Roth,    firook  sides,  in  high  lands, 
lonchitis.  Roth.    Not  rare,  on  ridges. 

OirOCLEA,  Z. 

sensibilis,  Z. 
OsafUNDA,  Z« 

spectabilis,  WUld. 

claytoniana,  Z. 

cinnamomea,  Z. 
BoTRYCHiuM,  Swartz. 

yirginicum,  Swartz* 


LYCOPODIACE^. 


Lycopodium,  Z. 

iucidalum,  Micht* 


rCOPODlUM. 

selago,  X. 
annotinum,  Miciix. 
dendroideum,  Michx. 
clavatum,  L. 
complanatuni,  L. 

.A6IN£LLA,  BcaUV. 

selaginoides. 
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ANNOTATIONS  AND  ADDITIONS. 


Note  A.  —  Part  I,  p#  5. 

The  first  iteps  towards  the  exploration  of  the  country  bordering  on  the 
it  chain  of  Jforth  American  lakes  w^e  taken  by  the  Jesuits  of  Canada  J* 

'hree  Jesuits  and  two  lay  brothers  atrived  in  Canada  as  early  as  1625. 
5  order  in  Canada  as  in  other  countries,  had  for  its  head  a  Superior  to 
)m  the  missionaries  at  out-posts  regularly  reported.  The  Superior  re- 
ted  annually  to  his  Provincial,  and  these  reports  constitute  the  Jesuit 
ations.  These  are  printed  in  forty  duodecimo  volumes  under  the  title  of 
delation  de  ce  qui  s^ est  passe  en  la  JVouvelle  France  is  annees^  Some- 
Bs  the  title  runs: — "  Relation  de  ce  qui  s'est  passe  de  plus  reraarquable 

Missions  des  Peres  de  la  Compagnie  de  Jesus  en  la  Nouvelle  France,  es 
ees."     They  extend  from  1632  to  1672.     Of  their  merit,  Charlevoix 
lounces  the  following  opinion :  — "  As   those  fathers  were    scattered  . 
ng  all  the  nations  with  which  the  French  were  in  relation ;  and  as  their 
ion  obliged  them  to  enter  into  the  affairs  of  the  colony,  their  memoirs 

be  said  to  embrace  an  elaborate  history  thereof.  Tnere  is  no  other 
ce  to  which  we  can  apply  for  instruction  as  to  the  progress  of  religion 
Dg  the  savages,  or  for  a  knowledge  of  these  people,  all  of  whose  lan- 
ces they  spoke.  The  style  of  these  Relations  is  exceedingly  simple ; 
this  simplicity  itself  has  not  contributed  less  to  give  them  a  greatceleb- 
,  than  the  curious  and  edifying  matter  they  contain."*  No  historian 
enter  fully  into  an  investigation  of  the  circumstances  attendant  on  the 

settlement  of  this  country,  without  being  conversant  with  them,  and 
«  who  pretend  to  acquit  tnemselves  of  such  a  task  without  previously 
ying  these  works,  afford  only  a  proof  of  their  unfitness  for  the  duty, 
:i  proportion  to  their  great  value  is,  at  the  same  time,  their  great  scarcity, 
omplete  set  is  not  now  to  be  found  even  in  the  Royal  Library  at  Paris, 
they,  at  his  death,  owned  twenty-three  volumes  (lo37  to  1671),  except** 
volume  eleven.  Bohn  purchased  this  lot  for  seven  poimds,  seve^  Shu- 
's, and  sixpence  sterling. 

n  this  country,  the  completest  set  is  owned  by  Mr.  J.  C.  Brown  of 
vidence,  Rhode  Island,  the  volumes  for  the  years  1654-6,  1658-9,  and 
1-2  only  being  wanting.  The  next  in  order  is  that  of  Harvard  College 
ary,  there  being  five  volumes  wanting.  The  collection  of  Mr.  J.  C. 
rphy  of  Brooklyn  is  the  next  in  pomt  of  completeness,  there  being  eleven 
umes  wanting.    The  Relations  for  the  years  1654-6,  and  16S5-9  are 

to  be  found  in  any  collection,  public  or  private,  in  thw  country. 

- — ' ' ' ' \ ^ — r-* 

•  Hifllori»  do  1»  K9T.  ClW^^II.  XL  YIXL 
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The  tollowing  persons  filled  the  office  of  Superior  from  1626  to  1673 : 

Father  Philibert  Noyrot,  -  -  1626  to  1629. 

"     Paul  Le  Jenne,  -  -  1633  to  1639. 

"      Barthelemy  Vimont,  -  -  1639  to  1645. 

"      Jerome  Lallemant,  -  -  1645  to  1650. 

"      Paul  Ragueneau,  -  -  1650  to  1653. 

"     Joseph  Le  Mercier,  -  -  1653  to  1656. 

"     Jean  de  Quiex,  -  -  1656  to  1659. 

*'     Jerome  Lallemant,  -  -  1659  to . 

"     Joseph  Le  Mercier,  -  -  1664  to  1670. 

«     J.  Claude  Dablon,  -  -  1670  to  1673.* 


Note  A  1.  —  Part  I,  p.  9. 

'*  The  Relation  of  the  voyage  of  Marquette  was  not  published  utUU 
some  time  after  his  deaths  and,  by  some,  is  regarded  as  fabulous. ^^ 

We  learn  from  a  Chicago  paper  that  the  original  MS.  has  been  saved 
from  the  pillage  of  the  Jesuits'  college  in  Quebec.  "  It  is  well  known  bj 
those  familiar  with  the  resources  of  early  American  history  that  the  pubh- 
^cation  of  the  Jesuit  Relations,  which  furnish  so  much  interest  in  regard  to 
the  discovery  and  exploration  of  the  region  bordering  on  our  northern 
lakes,  was  discontinued  after  the  year  1672.  Some  were  known  to  have 
been  written,  but  the  manuscripts  were  supposed  to  be  lost.  The  Relations 
from  1672  to  1679,  inclusive,  have  lately  been  discovered,  and,  among  them, 
a  manuscript  containing  a  full  account  of  the  voyages  of  Father  Marquette, 
and  of  the  discovery  by  him  of  the  Mississippi  river.  It  was  undoubtedly 
this  manuscript  which  furnished  Thevenot  the  text  of  his  publication,  io 
1687,  of  *  The  Voyages  and  Discoveries  of  Father  Marquette  and  Sieur 
Joy  let.  ^  The  latter  kept  a  journal  and  drew  a  map  of  their  route,  but  his 
canoe  was  upset  in  the  falls  of  St.  Louis,  as  he  was  descending  the  St. 
Lawrence,  in  sight  of  Montreal,  and  he  lost  them  with  the  rest  of  his 
effects.  What  increases  the  value  of  the  present  discovery  is,  that  the 
original  narrative  goes  much  more  into  detail  thai\  the  one  published  by 
Thevenot.  The  motive  which  prompted  the  preparations  which  were  made 
for  the  expedition  are  fully  described,  and  no  difficulty  is  found  in  tracing  " 
the  route.  There  is,  also,  among  the  papers,  an  autograph  journal  br 
Marquette,  of  his  last  voyage,  from  the  2Dtn  of  October,  1674,  to  the  6th 
of  April,  1675,  a  month  before  his  singular  death,  which  occurred  on  the^ 
eastern  shore  of  Lake  Michigan.  Also,  a  chart  of  the  Mississippi,  drawn 
by  himself,  illustrating  his  travels.  The  one  annexed  to  Thevenot's  ao- 
cotmt,  above  referred  to,  is  manifestly  incorrect,  and  there  is  a  variance 
lietween  the  route  of  the  Jesuit,  as  traced  on  his  map,  and  that  detailed  m 
the  text.  The  manuscript  chart  now  rescued  from  obUvion,  reconciles  all 
discrepancies  and  constitutes  a  most  interesting  historical  relic." 


*  Vide  a  paper  on  the  Jesuit  RelationB  by  ^.  B.  O'CaUaghan,  M.  D.  —  Ffteuiin^  of  tkt 
Ii§»  York  Jkiatorieal  Soeifttfy  Novmbtr  1847-^  from  Which  the  aJtKTve  ftcts  are  dtrired. 
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Note  B.  — Part  I,  p.  47. 

"  Phenomena  of  the  Waters.*^ 

We  copy  the  following  from  the  Lake  Superior  Journal  of  July  23, 1851.. 
The  editor  remark^ : 

*^  While  at  Grand  island,  a  few  days  since,  Mr.  Williams  gave  us  an  ac- 
count of  a  remarkable  instance  of  the  sudden  rise  and  fall  of  water,  at  that 
f>Iace,  in  1845.  On  a  certain  day,  without  any  appearance  of  wind  on  the 
ake,  the  water  rose  and  fell  several  times  during  the  day,  from  four  to  five 
feet  above  high  water  mark.  The  weather  was  calm  before  and  afler  t^e 
occurrence,  and  this  was  the  case  for  a  hundred  miles,  at  least,  to  the  north- 
west of  the  island  ;  for  Captain  Smithwick,  of  the  schooner  Algcmquin,  was 
that  day  off  Coffer  Harbor,  ai^d  nearly  becalmed." 


Note  B  1 .  —  Part  H,  p.  80. 

Strength  of  Wrought  Iron* 
Experimenters.  Whence  derived*  lbs.  per  sq.  Sd 

J.  &R.* Missouri  bar  iron 47,909 

Martin - Fourchambauldt,  (France,) 47,964 

Martin Ste.  Chambaud,  (France,) 49,000 

Martin English  best  cable 49,251 

Brown Swedish 49,796 

J.  &R. Tennessee 50,000 

Martin Superior  English 52,823 

Rennie English  iron 55,843 

Brown Welsh  iron - 57,975 

J.  &R. Salisbury,  (Conn.,) 58,009 

J.  &R.--- Swedish  bar 58,185 

J.  &R. Centre  co.,  (Pa.^ 58,400 

J.  &  R. Lancaster  co.,  (Fa.,) 58,661 

Johnson Mclntyre,  (Essex  co.,  N.  Y.,) 58,912 

J.&R. English  cable 59,105 

Brown Russia 59,472 

Tilford  -  - Staffordshire  iron,  (England,) 60,928 

Tilford Swedish '- 64,960 

Tilford Welsh 65,520 

Brunei Best  English--- 68,544 

J.  &R. English  cable,  hammered 71,000^ 

Brunei Best  English 72,352 

J.  &R. Russia  bar ---- 76,069 

iuu'iT    I.         (  .333  in.  diam. 84,186 

wire-drawn     J  ^^  „      ..     gg'jgg 

Wade ---- Carp  river  iron.  Lake  Superior 89,582 

J.  &R. Cast  steel 130,681 

"*  Johnson  and  Reeves'  Report  on  the  £x»r»iDatioD  of  the  Strength  of  Materials. 
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Note  F.,  p.  273- 

ssian  wells  in  the  red  clay  of  Green  Bay ^  from  Mr.  Whittlesey^ s  Mtf, 

H  my  report  made  to  Dr.  Owen  in  1849,  for  that  part  of  Wisconsin  east 
the  Wisconsin  river,  will  be  found  a  statement  of  the  Artesian  wells 

fed  by  Mr.  Alonzo  Curtis  and  others,  in  the  red  clay  at  Fond  du  Lac, 

ike  Winnebago. 

Mr.  Curtis  has  lately  furnished  me  with  the  results  of  his  borings  in  the 

me  clay,  but  at  a  lower  level,  near  the  surface  of  Lake  Michigan. 

• 
Well  of  Mr.  Edwin  Hall,  commenced  seven  feet  above  the  lake  surface: 

1.  Sand       -------  8  feet. 

2.  Red  clay  -  ^  -  -  -  -  22   " 

3.  Blue  clay  -  .  -  -  42  « 

—  72  fe?t. 

4.  Quicksand  with  water,  rising  within  8  cr  4  feet  of  the  surface. 

Well  of  Mr.  Edward  Wisewell,  five  feet  above  the  lake: 

1.  Sandy  soiL 

2.  Red  clay  ...  -  -  .  80  feet. 

3.  Dun-colored  clay  -  -  -  -  -  6  *< 

4.  Very  red  clay      -  ----!«< 

5.  Blue  clay  -  -  -  -  -  -  38  « 

—  75  feet. 

6.  Quicksand  and  water,  rising  to  within  2  feet  of  surface. 

Well  of  Mr.  H.  S.  Beard,  four  feet  above  the  lake: 

1.  Soil. 

2.  Red  clay              -  -  -  -  -             80  to  35  feel. 

3.  Dun-colored  clay  -  -  -  -  -            6  « 

4.  Blue  clay             -  -  -  -  .            4   «« 

5.  Very  red  clay     -  -  -  -  -  -lto2" 

6.  Blue  clay             -  -  -  -  -  -          43   " 

—  00  feet. 

7.  Quicksand  and  water  rising  to  witb in  1^  teet  of  surface. 

Four  other  wells  belonging  to  D.  M.  W^hitney  and  others,  near  Mr 
Beard's,  show^  the  same  section ;  and  all,  thus  far,  give  a  good  supply  c 
water. 

Well  of  Mr.  M.  L.  Martin,  one  mile  south  of  the  last,  surface 'thirty-fii 
feet  above  the  lake,  gave,  after  boring  through  red  clay  one  hundred  m 
fifteen  feet,  a  supply  of  water  from  the  quicksand,  rising  to  within  sev 
feet  of  the  surface. 

Well  of  Mr.  Daniel  Whitney,  near  Manitou  river,  three  feet  above  the  la' 

1:  Soil. 

JT  Red  clay  -------  44  feet. 

3.  Quicksand  and  water  rising  above  the  surface. 

Well  of  D.  C.  Robinson,  at  Astor,  half  a  mile  north  of  the  last^.aboi; 
feet  above  the  lake : 

1.  Confused  mass  of  sand  and  grayel  .  .  -  S4  feet; 

2.  Red  clay— water  riaes  to  lake  leveL 
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4  feet. 
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108  feet 

Well  of  Jeremiah  Porter,  five  feet  above  the  lake: 

1.  Sand      -  -  -  -  -  -  -  14  feet. 

2.  Red  clay  -  -  -  -  -  -  94  « 

—  106  fM. 

8.  Limestone,  probably  Trenton — no  water. 

Well  of  Mr.  Daniel  Whitney,  four  feet  above  the  lake : 

1.  Sand      ------- 

<  2.  Red  clay  ------ 

8.  Bine  sand,  with  leaves  and  sticks.    A  spteimen  of  cedar 
I  was  given  me  from  a  piece  eight  inthes  thick 

*  4.  Red  clay  -        •    - 

*  6.  Blue  clay  ------ 

0 

6.  Trenton  limestone — no  water. 

Another  well  sunk  by  Mr.  Whitney  to  the  depth  of  one  hundred  and  six 
feet,  in  red  and  blue  clay,  struck  the  rock  at  that  point,  but  gave  no  water. 

Four  other  wells,  on  a  line  of  jialf  a  mile  north  and  south,  and  about  on 
the  same  level,  gave  a  depth  of  one  hundred  and  eight  feet  before  striking 
the  rock. 

In  all  the  cases  where  no  quicksand  was  met  with  below  the  clay,  no 
water  was  obtained.  Mr.  Robmson's  well  is  not  Artesian,  but  one  of  the 
ordinary  kind,  in  which  water  filters  through  the  gravel,  and  fluctuates 
with  the  level  of  the  water  in  the  bay. 

The  stratification  is  evidently  very  irregular ;  for,  although  the  extreme 
wells  are  not  more  than  a  mile  and  three-quarters  apart,  yet  the  sections 
vary  much,  even  in  the  distance  of  a  few  rods.  In  one  of  the  borings,  at 
the  depth  of  forty-three  feet,  a  bed,  two  feet  thick,  of  rotten  wood  and 
leaves,  was  intersected  between  strata  of  red  and  blue  clay.  It  also  con- 
tained the  remains  of  the  bones  of  fishes. 

The  wood  was  submitted  by  me  to  M.  Lesquereux,  for  examination,  and 
pronounced  by  him  to  be  cedar,  and  transported  by  fresh  water.     Several 

{>ieces  of  the  same  wood  were  given  me  at  Appleton,  which  were  also  taken 
rom  the  red  clay,  but  at  a  height  of  one  hundred  to  one  hundred  and  fifty 
feet  above  the  lake.  The  one  above  mentioned,  however,  was  found  fifty 
feet  below  the  level  of  the  lake. 

The  alternations  of  red  and  blue  clay  much  resemble  those  of  the  west 
side  of  Lake  Michigan,  as,  for  instance,  *at  Racine  and  Milwaukee ;  and  it  is 
evident  that  they  both  belong  to  one  formation.  Since,  therefore,  the  great 
clay  deposits  of  Lake  Michigan  graduate,  on  the  south,  into  the  blue  marly 
sand  and  clay  of  Lake  Erie,  and  on  the  north  into  the  red  marly  clays  of 
Lake  Superior,  it  follows  that  they  ought  to  be  considered  to  be  of  the 
same  age. 

Those  on  Lake  Erie  and  the  streams  flowing  into  it,  contain  the  same 
wood  as  those  of  Lake  Michigan,  and  also  a  few  fresh-water  and  land 
shells.  It  follo^ATs,  therefore,  that  the  Lake  Superior  clays  are  also*of  fresh 
water  and  not  of  marine  origin. 

In  the  vicinity  of  Green  Say,  the  red  clay  may  be  seen  at  a  height  of 
one  hundred  and  fifty  feet  above  the  lake ;  but,  on  ascending  Fox  river,  its 
Burface  rises,  and  on  the  hills  south-east  of  Lake  Winnebagro,  it  attains  a 
height  of  four  hundred  feet.  On  the  waters  of  Fox  river,  the  bricks  made 
^  om  it  are  of  a  cream-color,  like  those  of  Milwaukee,  when  hard-burnt» 
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Otherwise  they  are  red.  The  color  of  these  red  and  blue  clays  is  due  to 
iron  in  different  stages  of  oxidation.  They  all  contain  more  or  less  car- 
bonate of  lime  and  magnesia.  Pebbles  of  the  sedimentary  rocks  are  also 
sparsely  distributed  through  them,  as  well  as  some  fragments  of  the  north- 
em  igneous  and  azoic  rocks. 

The  principle  upon  which  water  rises  in  the  wells  of  Green  Bay  and  Fond 
du  Lac,  is  very  simple :  A  bed  of  quicksand,  or  some  other  material  into 
which  water  can  penetrate,  is  confined  between  impervious  strata  above  and 
below;  wherever  the  edges  of  the  first  mentioned  stratum  come  to  the 
surface,  they  are  penetrated  by  the  water,  which  gradually  fills  the  whole 
of  the  permeable  mass  in  which  it  is  confined,  as  a  reservoir.  Of 
course,  if  the  superior  bed  is  bored  through,  the  water  will  rise  nearly  as 
high  as  the  edge  of  the  bed  which  is  filled  with  water,  according  to  the 
well-known  laws  of  hydrostatics. 

At  Appleton,  on  the  Fox  river,  wells  are  bored,  which  either  give  no 
water,  or  it  only  rises  in  them  a  part  of  the  distance  to  the  surface.  But 
then  the  river  is  near,  and  has  cut  through  the  clay  to  the  imderlying  sand- 
stone, so  that  the  water  finds,  in  part,  a  natural  outlet  from  the  beds  of 
quicksand. 

A  few  observations  have  been  made  on  the  temperature  of  these  wells. 
At  Oshkosh  we  found,  in  September,  1849,  that  the  water  of  a  well  thirty 
feet  deep  was  at  48"^,  Fahrenheit.  In  July,  according  to  Mr.  M.  Williams, 
a  well  ninety  feet  deep  gave  the  same  temperature,  and  in  the  January 
following,  51'',  F. 


Note  G. 

*'  Fisheries  of  Lakes  Michigan  and  Superior,^' 

The  number  of  persons  engaged  in  this  business  is  very  variable,  as  well 
as  the  quantity  of  fish  caught.  Fishermen  say  that  the  same  ground  is 
much  better  one  year  than  another,  so  that  they  are  obliged  to  shift  their 

Juarters.  We  saw  at  Pointe  au  Chene,  Biddle  river,  Payment  Point,  Point 
'atterson,  at  the  harbor  west  of  Bark  Point  and  many  other  places,  aban- 
doned fishing  stations ;  but  these  may  all  be  resumed  during  the  present . 
year.  There  were  fishermen  at  the  island  of  St.  Helena,  Gull  island,  and 
others  in  the  lake,  not  within  our  course,  whose  number  we  cannot  state. 
They  had  thus  far  been  unsuccessful,  the  fish  having  retired  far  out  into  the 
deep  and  cool  water. 

At  Seul  Choix,  there  was  a  greater  assemblage  of  men  and  boats  than  at 
any  other  point  in  our  route. 

From  the  best  estimates,  there  were  at 

Seul  Choix,  ...  90  boats  and  200  men. 

Point  Barbeau,       ...  30    "  75    " 

Summer  Islands,     -  -  -  5     "  18     " 

Rock  Ijland,  -  -  -  10     "  30    « 

Washington  Island,  -  -  14    "  50     « 

Pilot  Island,  -  -  -  6    «  20    " 
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Many  of  the  fishermen  had  their  families  with  them,  who  asisisted  m  the 
curing  and  packing  of  the  fish. 

On  the  west  shore  of  Green  Bay  and  the  west  shore  of  the  feke,  south 
of  Death's  Door,  there  are  also  fishing  stations. 

Altogether  there  must  be  nearly  a  thousand  persons  engaged  in  this  pur- 
suit. The  fish  here  taken  are  the  white-fish  and  Mackinac  trout.  {Mr. 
Whittlesey's  MS.) 

On  Lake  Superior  there  are  fisheries  at  White-fish  Point,  Grand  island, 
La  Pointe,  and  Isle  Royale,  where  considerable  quantities  are  taken  and 
exported  ;  but  we  have  no  statistics  as  to  the  number  of  men  employed,  or 
the  number  of  barrels  exported.  Between  the  head  of  Keweenaw  Point' 
and  the  mouth  of  the  Ontonagon  river,  considerable  quantities  of  fish  arc 
taken,  for  which  there  is  a  ready  market  at  the  mining  stations.  In  addi* 
tion  to  the  white-fish  and  Mackinac  trout,  the  siskawit  is  occasionally  ta- 
ken. Its  favorite  resort,  however,  is  the  deep  water  in  the  vicinity  of  Isle 
Royale. 


Note  H. 

Statistics  of  Lumber. 

There  are  eight  saw-mills  m  operation  along  the  southern  coast  of  the 
Upper  peninsula,  viz : 

One  at  the  mouth  of  the  Manistee,  running  -  -  2  saws. 

One  at  Sturgeon  river,  (Bay  des  Noquets,)  running    -  1  saw. 

One  at  Escanaba  river,  nmning  -  -  -  4  saws 

One  at  White-fish  river,  running        -  -  -  2     " 

One  at  Fort  river,  running     -  -  -  -  2 

One  at  Cedar  river,  running  -  -  -  -  3 

Two  at  Menomonee  river,  running    -  -  -  7 

21 

At  Cedar  river  and  the  Menomonee,  there  are  lathe  machines,  and  prob- 
ably at  others.  The  best  saws  cut  from  4000  to  6000  feet  of  lumber  in 
twenty-four  hours,  while  running ;  but  the  mills  generally  lie  still  during 
winter,  and  frbm  breakages  and  other  causes  are  not  in  operation  at  all 
times  during  the  remainder  of  the  season. 

There  is  an  excellent  belt  of  pine  lands,  extending  from  the  Manistee  to 
the  Menomonee  and  thence  to  the  Wisconsin  and  even  the  Mississippi,  but 
towards  the  sources  of  these  streams  the  timber  is  less  abundant  and  valu- 
able.—(Jtfr.  Whittlesey's  MS.) 


Note  I. 


Origin  and  Orthography  if  some  of  the  proper  J^ames  in  the  Lake  Supt- 

rior  Vistritt. 

Hardly  anything  has  iBore  perplexed  us  than  the  diflKculty  of  ascertaining 
the  correct  names  of  the  prominent  natural  features  of  our  district,  and  « 
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^tin^  them  as  they  arc  pronounced,  so  as,  at  the  same  time,  to  preserve 
he  original  meaning.  While  very  few  of  the  small  lakes,  rivers,  or  hills, 
ji  the  interior,  have  as  yet  received  any  names ;  almost  all  the  streams, 
points,  and  bays,  along  the  coast  of  the  great  lakes,  are  known  by  some 
name,  generally  either  of  Indian  or  French  derivation.  Many  of  these  are 
now  so  corrupted  from  their  original  designation,  that  it  is  impossible 
ever  to  restore  the  correct  spelling,  or  to  bring  again  into  use  the  original 
name. 

As  the  race,  by  which  most  of  the  conspicuous  points  and  rivers  were 
named,  is  rapidly  disappearing,  we  deem  it  worth  while  to  place  on  record 
such  information  as  we  have  been  able  to  obtain,  either  from  the  natives 
(Chippeways  or  Oiibwas),  or  'from  our  voyageurs  (Canadian  French,  or 
French  and  Indian),  or  from  the  published  works  of  the  old  explorers  of 
this  region,  and  especially  of  the  Jesuit  fathers.  How  many  of  the  great 
topographical  features  of  this  country  retain  their  aboriginal  names,  while 
the  meaning  of  those  names  has  become  irrevocably  lost ! 

In  Part  1.  of  this  report  we  have  given  a  fao-simile  of  the  map  of  this 
region,  made  by  the  Jesuit  missionaries,  probably  about  the  years  1670  and 
1671,  and  published  in  Paris  in  1672.  The  astonishing  amount  of  geogra- 
phical knowledge  of  the  borders  of  these  lakes,  obtained  by  the  earliest 
explorers,  speaks  volumes  for  their  skill  and  perseverance.  Some  of  the 
maps  published  in  this  country  and  in  England,  within  the  last  ten  years, 
do  not  exhiWt  the  main  features  of  Lake  Superior  as  correctly  as  they  are 
shown  on  the  old  Jesuit  map. 

From  these  old  Jesuit  authorities,  especially  the  "Lettres  edifiantes,'' 
and  from  Charlevoix,  "Journal  d'un  Voyage,^'  &c.,  we  have  gleaned  what 
information  we  could,  with  regard  to  the  original  designation  and  meaning 
of  the  names. 

In  giving  the  abstract,  we  will  begin  at  Saut  Ste  Marie,  and,  following 
the  northern  shore  of  Lake  Superior  toward  the  west,  make  the  circuit  of 
that  lake,  and  then  follow  the  northern  shores  of  Huron  and  Michigan, 
towards  the  west,  along  the  southern  borders  of  our  district,  to  Green  Bay. 

Lake  Superior  [Lac  Superieur,  Fr.,  Kitchi-gummi,  Ch.). — The  name 
upon  the  Jesuit  map  is  "Lac  Tracy  ov  Svperievr.'*  Lac  Superieur  means 
simply.  Upper  Lake.  Lac  Tracy  seems  to  indicate  a  desire  on  the  part  of  the 
Jesuits  to  perpetuate  the  name  of  M.  de  Tracy,  by  giving  it  to  the  largest 
sheet  of  fresh  water  on  the  globe.  We  need  hardly  add,  that  the  name  of 
Lake  Tracy  was  never  adopted,  and  is  quite  unknown.  Kiichi^gummi 
signifies  Great  water  or  Oreat  lake^  gummi  being,  in  general,  a  collection  of 
water,  or  lake. 

Saut  Ste.  Marie  (Le  Saultj  Mission  de  Ste.  Marie  d»  Saulty  Jesuit 
laap). — Sault  is  the  ola  French  orthography.  The  French  name  seems  now 
finally  adopted  by  the  inhabitants  at  the  Saut,  or  SoOy  as  it  is  frequently 
pronounced.  The  river,  on  the  other  hand,  is  known  by  the  EngUsh 
name — St.  Mary's  river.    The  Indians  at  the  Saut  are  called  Les  SatUeurs. 

Gftos  Cap.-^A  name  given  by  the  voya^urs  to  innumerable  projecting 
hemdlands;  but  in  this  case  appropriately,  smoe  it  is  the  conspicuous  feature 
St  the  entranec  of  the  lake. 

GouLAis  Bay. — Derivation  doubtful ;  perhaps  goulet^  the  funnel-shaped- 
43peniiig  of  a  net,  from  some  fancied  resemblMice  in  its  form. 

Batcbbewauaung  Bat. — Derivation  unknown. 

Mamahtsx  (Indian)  .-^Littk  sturgeon. 
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MicHipicoTEN  {Great  sut^)  Bay. — Not  descriptive  of  the  island,  but  o! 
the  river. 

Neepigon  Bay. — Jfeepi  or  nipi  is  water;  netpigon,  dirty  water. 

Kamanistiquia. — "River  that  goes  far  about."     Serpentine. 

Le  Pate. — Pie  island^  or  Pastry  island^  from  its  fancied  resemblance  ta 
a  French  pie.  The  island  rises  from  the  water  to  the  height  of  eight  hun- 
dred feet,  with  regular  and  slightly  slofnng  sides,  like  a  hat ;  and  the  tenn, 
"  Hat  island,"  would  convey  a  better  idea  to  the  American  reader,  of  it$ 
outline,  than  that  now  in  use. 

Isle  Royale. — Isle  Minong  on  Jesuit  map.  Mtnong  is  said  to  mean 
Great  island.  Another  explanation  is,  that  it  means  an  island  which  is  inters 
sected  in  passing  from  one  point  to  another.  Thus  one  in  voyaging  down 
the  north  shore  might  pass  from  Pigeon  river  to  Washington  harbor,  and, 
following  along  the  shore  of  this  island  to  its  eastern  extremity,  make  the 
traverse  to  Point  Porphyry.  It  is  very  curious  to  observe  that,  on  the  map 
of  the  great  lakes  published -in  Charlevoix's  Journal  (1744)  another  large 
island  of  nearly  the  same  size  and  shape  as  Isle  Royale  is  inserted  about  half 
way  between  Keweenaw  Point  and  Isle  Royale.  To  this  island,  which  b 
not  on  the  Jesuit  map,  published  sixty  yeais  before,  the  name  of  Isle  Philip- 
peaux  is  given,  and  it  figures  to  this  day  on  some  of  the  European  maps. 
This  same  error,  if  we  recollect  aright,  is  perpetuated  in  Henry's  work,  pub- 
lished in  1822. 

Montreal  R.— The  name  Montreal  is  one  which  is  most  frequently  given 
by  the  voyageurs,  in  memory  of  their  home,  and  the  head-quarters  of  the  Hud- 
son's Bay  Company.  Indian  Ka-wa'Si-gi-nong  sipiy  or  River  of  the  While 
Falls  J  alluding  to  the  fine  fall  near  the  mouth  of  the  river  and  visible  from 
the  lake. 

Chaquamegon  {Cha-ga-wa-mi-kong). — Narrow  pointed  bay. 

Kargwajiwing.— Porcupine  mountains.  Karg  is  the  Chippeway  for  por- 
cupine, probably  given  from  the  great  abundance  of  these  animals  in  the 
region,  and  deservedly. 

Agogebic  (  Little  fish)  lake. 

Ontoxagon,  R. — JSTagon  or  nogon,  signifies  cup  or  dish,  but  whence  the 
origin  or  what  the  meaning  of  the  whole  word,  we  have  never  been  able 
satisfactorily  to  learn.     Spelled  on  the  Jesuit  ipap  J\rantaunagan. 

Keweenaw  Point. — On  many  maps  Keweewaiwona.  Kioiichounaning, 
Jesuit  map.  Pronounced  by  our  Indians,  Ki-wi^wai-non-ingy  now  written 
and  pronounced  as  above ;  meaning  a  portage,  or  a  place  where  a  portage  is 
made.  The  whole  distance  of  some  eighty  or  ninety  miles  around  the  point, 
being  saved  by  entering  Portage  lake  and  following  up  a  small  stream,  leav- 
ing a  port^e  of  only  about  a  half  a  mile  to  Lake  Superior  on  the  other  side. 

£!aole  River. — The  name  given^  by  the  voyageurs  is  La  riviere  md 
d^digUy  EagleVnest  river. 

Manitou  Island,  supposed  to  be  one  of  the  residences  of  the  Indian 
goblin. 

Agate  Harbor. — Indian  name,  Ka-jo^wi-kut^do^wangj  or  Double  bay. 

Kewainoquot  harbor,  generally  called  Horse-shoe  harbor,  a  few  miles 
cast  of  Copper  harbor,  a  beautiful  little  boat  harbor.  Indian  name- 
explained  to  us  as  signifying  Flying  clouds. 

Bete  grise  Bay. — Hardly  any  name  on  Lake  Superior  is  written,  in  wy 
man^  different  ways,  but  never  as  actually  pjTonounced.  The  invftriable  pro* 
nunciation  in  the  Lake  Superior  region  is  as  if  written  ^^  Bay  Degree."     The 
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lame  is  said  to  have  been  given  from  some  my  animal  seen  in  that  vicinity^ 
ind  to  be  written  correctly.must  be  "  Baie  de  la  Bete  grise,"  or  "  Bete  grise 
>ay  .'*  The  Indian  name  is  Ba-ghi-da-wi-i-ningy  a  bay  where  nets  are  set ; 
:here  being  here  excellent  fishing  ground. 
Torch  Lak^,  Ba-ki^ga-mangy  in  allusion  to  spearing  fishes  by  torch-light* 
Sturgeon  RiTEa,  Jfame  Sept. 

Tobacco  Riter. — Wa-sa^ko-di^na-hi^kony  or  Burnt-stone  river,  from  the 
red  sandstone  at  its  moyth ;  the  former  given  in  allusion  to  the  dark  brown 
color  of  its  swampy  water. 

Fall  Riter.    jlfe-/a-&t-Au-/t-goei-a7i^  Sepiy  or  Shallow  river. 
Li' Anse. — Anse  is  bay, — ^^  u^e  tr^  petite  baie  qui  s'enforce  peu  dans  les 
terres."    Diet.  Fr.  Accd.    It  is  applied  to  many  indentations  of  the  coast, 
but  for  the  most  part,  it  has  reference  to  the  settlements  at  the  head  of  Ke- 
weenaw bay. 

Point  Abbaye. — ^A  corruption  of  Point  aux  Baies,  a  name  very  commonly 
given  by  the  voyageurs  to  a  point,  on  each  side  of  which  there  is  a  bay.  In- 
dian name  Kitcni-^i^ia^sing.    Big  Point. 

Lake  Michigan  Umc  de  IlinoiSy  Jesuit  maj>). — Probably  the  significa- 
tion is  the  same  as  tnat  of  Lake  Superior — michiy  vast ;  gummiy  water. 

Manistee  River  and  Lake. — ^This  name  has  been  generally  spelt  on 
the  map,  Monistique.  The  name  is  pronounced  by  those  residing  at  the 
mouth  of  the  river,  Manistee.  It  is  written  also  by  Charlevoix,  la 
Manistie.  This  we  think  sufficient  authority  for  changing  it.  The 
name,  as  explained  to  us  by  ourlndians,  means,  ^'  A  river  at  whose  mouth 
are  islands."  There  is,  at  least,  one  other  river  of  this  name  emptying  into 
Lake  Michigan. 

Seul  Choix  Point. — The  only  choice  ;  in  allusion  to  the  few  spots  along 
the  coast  suitable  for  landing.     Properly  written,  Seule  Choix. 

Bark  Point,  near  Point  Detour,  "^ot  Pointe  aux  BarqueSy  but  Pointe 
aux  Ecorcesy  in  French. 

Bay  des  Jfoquets. — This  is  the  proper  name  of  this  bay,  but  it  is  univer- 
sally pronounced  in  that  region  as  it  is  written,  Bay  de  JVbquey  or  JVbcA:  in 
English.  The  following  quotation  from  Charlevoix  shows  that  this  is  a 
very  ancient  name : — "Nous  nous  embarquames  le  deux  de  Juillet  aprfis 
midi,  nous  cotoyames  pendant  trente  lieues  une  Langue  de  terre  qui  separe 
le  Lac  Michigan  du  Lac  Superieur,  elle  n'a  en  bien  des  endroits  que  quelques 
lieues  de  large,  et  il  n'est  queres  possible  de  voir  un  plus  mauvais  Pays ; 
mais  il  est  termini  par  une  jolic  riviere  nomm^  la  Manistiey  fort  poisson- 
neuse,  et  qui  abonde  sur  tout  en  Esturgeons.  Un  peu  plus  loin,  en  tiran^ 
au  Sud-Ouest,  en  entre  dans  un  grand  Golphe,  dont  PEntre^  est  horded 
d'Isles,  on  le  nomme  le  Golphe,  ou  la  Baye  des  J^Toquets,  C'est  une  tr^ 
petite  nation,  venue  des  bords  du  Lac  Superieur,  et  dont  il  ne  reste  plus  que 
quelques  Families  dispersed  9a  et  1&,  sans  avoir  de  demeuse  fine.  La  Baye 
des  Noquets  n'est  separed  de  la  Grande  Baye,  que  par  les  Isles  des 
Pouteouatamis.'* — P.de  CharlevoiZy  ^^ Journal  d^unVoyagey^  fyc.y  vol.  5^ 
p.  429. 

Traine  River  {Riviere  la  Traine). — ^Traine  is  the  old  French  term  for 
sleigh  or  sledge — traineau. 

Nekomenon,  or  Dead  River  (Riviere  du  Mori). — Probably  named 
from  some  tradition  of  a  dead  man  found  near  its  moutn* 

Laughing-fish  River  {Riviire  du  Poisson  qui  rit). — The  origin  of  this^ 
singular  name  we  are  at  a  loss  to  understand. 
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Tequamenon. — On  Jesuit  map,  Outahoniman  ;  meaning  unknown. 

G&EEN  Bay. — The  name  of  this  bay  on  the  Jesuit  map  is  "  Bayt  def 
Puansy^'  the  ^^Puans"  being  the  not  over-ciearily  Indians  who  inhabited  its 
borders. 

Menomonee  River — Indian — equivalent  to  Wild-rice  river.  On  Jesmt 
map,  "  Riviere  des  OumaloumineCy  ou  de  la  follt  avoine.^' 

EscANABA  River.- — Flat-rock,  or  Smooth-stone  river.  Name  given  in 
allusion  to  the  geological  peculiarities  of  the  river,  as  described  in  the  pre- 
ceding pages  of  this  report. 

Machigamig  River. — A  river  flowing  from  a  great  lake.  Spelt  on 
various  maps,  Michigamig  and  Peshekemme. 

Machigummi,  or  Michigummi, — Great  lake. 

Night-watching  (JW6e-^o-mi-m7w')  River. — ^A  branch  of  the  Machi- 

famig,  so  called  because  the  Indians  were  wont  to  watch  for  game  on  its 
anks  by  moonlight. 

Fence  River  (Indian,  Mitchikau), — A  branch  of  the  Machi-gamig.  The 
name.  Fence  river,  alludes  to  the  manner  of  catching  the  deer,  by  building 
a  long  line  of  fence  diagonally  to  the  river,  and  abutting  against  it,  so  that 
the  deer  are  concentrated  at  one  point. 

Pemenee  {Elbow). — Falls  of  the  Menomonee  river,  where  the  river  bends 
like  an  elbow. 

Bekuenesec  {Smoky). — Name  given  to  a  waterfall  on  the  Menomonee, 
in  allusion  to  the  spray  rising  like  smoke. 

Swampy  River  {Wabashkiki). 

Jack-fish  {Ki-no-je-si-kauing)  Lake. — So  called  from  a  species  of 
Esox  (pickerel)  inhabiting  it  in  great  abundance. 


Note  J. 

ERRATA— PART  I. 

Page  04,  line  24 ;  ninety-seven,  read  sixty-seven. 

"  66,  line  27;  section  16,  read  section  10. 

"  67,  line  23 ;  town  56,  read  town  36. 

^^  73,  Minnesota  Company,  section  15,  read  section  16. 

«  129,  line  5  ;  100  read  50. 

"  135,  line  33 ;  read,  the  vein  from  8  to  10  inches. 

''  140,  line  9 ;  read  S.  W.  qr.  of  section  33. 

*^  140,  line  37 ;  read  section  30,  township  50,  range  39. 

"  147  ;  North  American  Mine,  1700,  read  700. 

<'  156  ;  Product  of  gold  in  the  United  States,  100,000,  read  200,000. 

*^  160,  bottom  line;  southern  slope,  read  northern. 

**  179,  Ime  6 ;  aqua  regia,  read  aqua  reginee. 

^*  181,  line  40 ;  three-fourths,  read  one-fourth. 


401  [4] 


INDEX. 


As  many  of  the  streams  and  bays  cunncctcil  ^vith  the  hvu  lakes  bear  the  sain*  »ani«,  in 
uch  cased  L.  S.  is  api)uuded  to  those  connected  with  Lake  Superior,  aud  L.  M.  to  Uiooo  with 
l^dke  Michigan. 

A.dirondack   ntountains,  iron  ores  of,  pnzfi    Barytcs,  sulphate  of,  90. 

tiS,  64.  i  Barometer,  list  of  heights  determined  by,  69. 

.Egean  sea,  character  of  the  faima  of,  188.      ,  Barrandc,  M.,   on  the  Azoic  series  of  the 
Adjustment  of  marine  life  to  different  depths       BohemiaD  basin,  85. 

and  difl*erent  sea-bottoms,  186,  112.  Bars,  river,  occurrence  of,  261. 

Aganaiz,  L.,  on  the  difterent  systems  of  dykes    Basalt,  niineralogical  composition  of,  86. 

which    give    configuration    to   the    north    Batchecwauaung  Bay.  character  of  the  rockt 

shore  of  Lake  Superior,  13:  detcmiination        in  the  vicinity  of,  18,  37^ 

of  the  age  of  the  slates  of  (ilaris  by  the    Bay  des  Noquets,  geological   structure  of, 

fossil  fishes,  9;  on   the  character  of  the        149:  character  of  the  fossils,  149. 

fishes  from  the  Cliff  limestone  of  Ohio,  009.  \  Bayfield,  Captain,  W.  H.,  cited,  87  ;  as  to  the 
Age  of  rocks,  at  remote  points,  not  to  be  iden- 1      age  of  the  Lake  Superior  sandstone,  188 ; 

tifled  by  lithological  charactel-s,  114.  ,      longitudes  detennined  by,  354. 

ALr,tbe  etlects  of,  on  marine  life,  whca  min-  ;  Beaches,  evidence  of,  at  the  dawn  of  the  Sflv- 

gled  with  water,  188.  '      rian  period,  188;  ancient  lake,  as  compared 

Alger,  Mr.  F.,  quoted,  78.  }      with  the  historical  period,  268,  270. 

Alps,  folded  structure  of,  -75;  recent  age  of, '  Beaumont,  Elio  de,  on  the  elevation  of  tnoun- 

379.  I     tain  chains,  274,  276  ;  various  systenie  of 

Ames,  Mr.  J.  T.,  experiments  of,  on  the  tena-       upheaval,  279;  his  identification  of  certain 

city  of  iron,  80.  American  systems  with  those  of  Europe,  283. 

Amphitheatre,  description  of,  in  the  series  of  Beds  foinied  around  islands,  with  an  inclined 

the  Pictured  Kocks,  126.  i      stratification,  184. 

Amygdaloidal  trap,  absence  of,  in  the  Azoic  '  Bekuenesec  Falls,  25. 

series,  3,  32.  |  Belts,  river,  occurrence  of,  260. 

Analysis  of  iron  ores,  73,  77  ;  of  minerals,  95 ;    Biot,  M.,  quoted,  188. 

of  limestones,  190;  of  trappean  rocks,  83.    Birds-eye  limestoiw,  range  and  exteM  of,  in 
Analcime,  occurrence  of,  05.  |      the  Lake  Superior  district,  140;  in  Wiscon- 

Anamasite,  defined,  85.  i      sin,  146. 

Ande8,'the  recent  ai^e  of^  278.  Black-river  limestone,  range  and  extent  of,  in 

Apophyllite,  95.  the  Lake  Superior  district,  140;  in  Wis- 

Appalacbjan  chain,  stnicture  of,  275;  age  of      consin,  146. 

the  rocks  along  the  eastern  fiank  of,  38,    Blagodat,  iron  mines  at,  61. 

278,  283.  I  Blue  limestone  of  Ohio  the  equivalent  of  the 

Arched  Rock,  Mackinac,  description  of,  164.        Hudson-river  group,  160. 
Arsenic,  presence  of,  in  iron  ores,  72 ;  dctec-  '  Bossiney,  igneous  and  metamorphic  rockt  Of, 

tion  of,  72.  {     16. 

Artesian  wells,  at  Green  Bay,  393.  j  Botany  of  the  Lake  Superior  district,  859. 

Artificial  minerals,  production  of,  throwing  i  Boulders,  occurrence  of,  on  the  sources  of  the 

lightnpontheprocdssof  metamorphism,  9.  i     Meoomonee,   21,   24,  29;    at    Sant  Ste. 
Ash,  volcanic,  recognised  in  connexion  with  '     Marie,  269. 

the  trappean  rocks,  17.  i  Bucb,  L.  von,  on  the  metamorphism  of  th# 

Azoic,  origin  of  the  term,  3.  .     rocks  around  the  Gulf  of  Finland,  9 ;  OB  the 

Azoic  system,  rocks  of  the,  3,  8 ;  condition  of     .  recent  age  of  the  Andes,  278. 

the  earth  at  the  time  of  the  deposition  of,  I  Buckland,  Dr.,  on  the  structure  of  the  eyei 

8,   10;  development  of,  on  the  northern  I      of  trilobites,  188. 

shore  of  Lake  Superior,  11 ;  on  the  southern  •  Buffalo  Commercial  Advertiser,  quoted  as  to 

shore  of.  14 ;  on  the  sources  of  the  Missis-  j      the  fluctuations  of  Lake  Eric,  382. 

sippi,  33;   in  Missouri,  Arkansas,  Texas,  ,  Burat,  M.,  cited  on  iron  ores  of  Elba,  60. 

Xew  York,  and  along  the  flanks  of  the  Ap- 1  Burt,  Mr.  John,  notice  of  iron  deposits  by,  28. 

palacbians,  33$  ia  Scandinaria,  and  on  the    Burt,  Mr.  W.  A.,  on  the  iron  ores  Of  Lftke 

ifeland  of  Anglesea,  34;  in  AVales  and  Bo-        Superior,  21,  2*2;    experiments  «b  to  tht 

hernia,  35;  period  of  itf>  metamorphism,  277.  ,     diurnal  variation  of  the  needle,  3tW. 
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€aliferouB  laDditoutt,  near  th«  Gr&iid  Rap- 
ids; 27,  east  of  thw  Twin  Falls.  80;  in  Wis- 
consin,  109. 

Oalc-spar,  96. 

Canada,  iron  ores  of,  64. 

Caradoc  Sandstone,  American  equivalent  of, 
281. 

Carbonate  of  lime,  presence  of,  in  the  trap- 
pean  rockn,  17. 

Carp  river  (L.  S.)  character  of  the  rocks  in 
the  vicinity  of,  15 ;  iron  ores  in  the  valley 
of,  54  ;  view  near,  (frwntispiece.) 

Carrara  marble,  a  n>etamorphie  product,  9. 

Castle  Rocks,  view  of,  117. 

Catalogue  of  the  existing  flora  of  the  Lake 
Superior  district,  3G0. 

Catalogue  of  the  extinct  fauna  ef  the  Lake 
Superior  district,  225. 

Cedar  river,  rocks  on  the  borders  of,  145. 

Chapel  Rock,  description  of,  129. 

Chazy  limestone,  range  and  extent  of,  in  this 
district,  140 ;  in  Wisconsin,  146. 

Chippewa  island,  junction  of  the  Azoic  and 
Silurian  series,  near,  26. 

Chlorastrolite,  analysis  of,  97. 

Chloride  of  sodium,  existence  of,  in  the  Silu- 
rian limestones,  199. 

Chlorite  schists,  at  L'Anse,  19;  at  Marquette, 
17  ;  at  Dead  river,  18. 

Classification  of  the  rocks  of  the  Lake  Supe- 
rior district,  2 ;  of  the  groups  in  different 
slates,  6;  of  New  York,  288. 

Cleavage  of  rocks,  19. 

Clifl*  limestone  of  Ohio  and  Indiana,  not  the 
equivalent  of  the  lead-bcanng  limestone, 
147  ;  its  equivalents  in  the  New  York  se- 
ries, 291. 

Clinton,  Governor  Dewitt,  quoted,  322. 

Clinton  group,  lithological  characters  of  the, 
158 ;  range  and  extent,  153 ;  resemblance 
of,  to  its  equivalent  in  the  New  York  se- 
ries, 154 ;  association  of,  with  oolitic  iron- 
ore,  156. 

Coasts,  evidence  of,  at  the  dawn  of  the  Silu- 
rian period,  188. 

Gold,  effects  of,  in  modifying  the  range  of 
marine  life,  186. 

Conformability  in  the  Silurian  groups,  27. 

Continent,  ancient,  evidence  of  the  existence 
of,  in  North  America,  278. 

Convergence  of  range  lines,  355.    * 

Cooling  globe,  effects  of,  on  rocks,  8;  in 
forming  mountain  chains,  276. 

Copper,  black  oxide  of,  described,  100. 

Copper,  native,  crystalline  fonn  of,  99. 

Copper,  ores  of,  in  the  Azoic  series,  82. 

Corals,  limited  range  of  species,  18:> ;  reef^, 
formed  during  the  accumulation  of  the 
Niagara  group,  159. 

Currents,  oceanic,  evidences  of,  during  the 
deposition  of  the  Potsdam  sandstone,  184. 

Dana,  Mr.  James  D.,  on  the  distribution  of 
corals,  186  ;  on  the  occurrence  of  fiords  in 
certain  latitudes,  116. 

Danemora,  mines  ot^  58. 

X)arwin,  Mr.  Charles,  on  the  range  of  coral.'. 
2^0  i  OD  the  clfavftge  of  slates,  20, 


Datholite,  analjsis  of.  101. 

Davis,  Mr.  George  C,  water  tables  by,  flt 
Lake  Erie,  cited,  824. 

De  la  Beche,  Sir  H.,  views  of,  on  the  origin^ 
fluidity  of  the  earth,  9 ;  on  the  tr&ppeu 
rocks  of  Bo88inej%  16  ;  on  the  existence  of 
non-fossiliferous  rocks  in  the  British  isln. 
below  the  Cambrian,  34  ;  on  the  effects  o^ 
oscillations  on  organic  life,  186. 

Dead  river,  character  of  the  rocks  near,  18. 

Denudation,  ancient,  evidences  of,  on  th* 
Menomonee,  27 ;  in  other  portions  of  tht 
district,  184  ;  of  the  basins  of  lakes  MietL«> 
gan  and  Huron,  176. 

Devonian  system,  groups  of  the,  163,  302. 

Diabase,  defined,  85. 

Diagonal  stratification,  examples  of,  118.13ft 

Dip  of  beds  at  considerable  angles  not  neces- 
sarily caused  by  upheaval,  177. 

Dolerite,  defined,  85. 

Dolomite,  beds  of,  in  Silurian  series,  102. 

Dolomitization,  theory  of  discussed,  197. 

Drift,  general  description  of  the  phenonieni. 
232 ;  on  the  Menomonee  river,  24, 26, 2M, 
o6  the  west  coast  of  Green  Bay,  232;  is 
the  valley  of  the  Manistee,  238.' 

Drummond's  island,  geological  structure  of, 
148,  157. 

Dr}'  land,  evidences  of  the  existence  of,  dnriag 
the  Silurian  epoch,  111,  183. 

Dunes,  occurrence  of,  263 ;  their  origin,  367. 

Durocher,  M.,  on  the  occurrence  of  iron  is 
Scandinavia,  58 ;  on  the  trap  of  the  Ferw 
islands,  89 ;  on  the  systems  of  upheaval  is 
Scandinavia.  280. 

Dykes  in  granite,  39,  46;  in  the  slates,  IS. 


Earth,  survey  of  the  cnist  of  the,  8 ;  theori« 
as  to  its  primitive  condition  and  intcnul 
heat,  8,  276. 

Economic  materials  of  the  Azoic  series,  82. 

Elba,  iron  ores  of,  59. 

Elevation  of  mountain  chains,  274. 

Elevations  and  subsidences  of  the  ocean, 
their  effects  on  animal  life,  185. 

Elvans,  granitic,  36. 

Emanations  of  iron,  specular  and  magnetic, 
during  the  Azoic  period,  69. 

Emmons,  Dr.  E.,  on  the  iron  ores  of  Kev 
York,  63,  64. 

Engclmann,  Dr.,  on  the  age  of  the  iron  ores  of 
Arkansas,  33. 

Epidote,  occurrence  of  in  trap,  90. 

Erie,  Lake,  fluctuations  in  the  level  of,  318. 

Erman,  Adolph,  on  the  Alden  chain*  of  Asia* 
and  its  connection  with  the  Rocky  moun- 
tains, 284. 

Eruptions,  volcanic,  the  products  of  salses,  17. 

Escanaba  river,  the  geological  structure  of  its 
borders,  141. 

Fauna,  extinct,  of  the  Lake  Superior  district, 
226  ;  of  the  Potsdam  sandstone,  203;  of  the 
Calciferous  sandstone,  208 ;  of  the  Chasj, 
Birds-eye,  Black  river,  and  Trenton  lime- 
stone, 206 ;  of  the  Hudson-river  ^oup, 
20Hj    of  the  Clinton  group.,  215;  of  ili« 
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"Xiag.ira  group,  220  ;  of  the  Upper  H elder- 
berg  series,  228. 

Foldspar,  analysis  of,  in  the  granite,  48;  in 
the  copper  veins,  102. 

I'isheries  of  Lake  Michigan  and  Lake  Supe- 
rior, 305. 

"Flats,  occurrence  of,  258. 

yiuctudtions  in  the  level  of  the  great  lakes, 

aiy. 

Flora,  existing,  catalogue  of  the,  859. 

Foldings  of  the  strata,  81,  275. 

Forbes,  Prof.  £.,  on  the  distribution  of  marine 
life  in  the  ^Egean,  188;  on  the  zones  of 
depth,  in  animal  life,  186. 

Forge,  Catalan,  description  of,  78. 

Foiination,  term  defined,  2. 

Fossil  remains,  see  Fauna,  extinct. 

Fox,  Mr.  K.  \7.,  experiments  of,  on  cleav- 
age, 20. 

Fremont,  Col.  C.  J.,  on  the  structure  of  the 
Rocky  mountains,  278. 


Galena,  charkcter  of  the  limestones  at,  146. 

Galena  limestone,  not  identical,  as  has  been 
supposed,  with  the  Clitf  limestone,  but  a 
distinct  group  belonging  to  the  lower  Silu- 
rian series,  14f>;  orgmic  remains,  147. 

Geological  map  of  Lake  Superior  (appendix); 
tjxplanation  of,  5;  of  the  iron  region,  appen- 
dix ;  explanation  of,  45. 

Gellavara,  ores  at,  59 ; 

Gneiss,  a  metamorphic  product,  32. 

Gould,  Dr.  A.  A.,  on  the  distribution  of  ex- 
isting marine  animals,  186. 

Graham's  Island,  volcanic  mud  of,  17. 

Grand  Island  harbor,  124. 

Grand  Portal,  description  of,  128. 

(»rand  Rapids.  27. 

Grand  Sable,  description  of,  131. 

Granite,  its  composition,  36,  48 ;  gradations 
between  it  and  the  products  of  existing  vol- 
canoes, 36 ;  character  ol  the  scenery  where 
it  prevails,  36 ;  range  of  on  northein  shore  of 
Lake  Superior,  37  ;  on  the  southern  shore, 
38;  dykes  in,  30;  age  of,  48. 

Granite  Island,  38.  ♦ 

(rrcat  circles  of  comparison  in  reference  to 
the  direction  of  mountain  chains,  276,  284. 

Green  Bay,  geological  structure  of,  150,  153  ; 
Artesi&n  wells  at,  393. 

Greenstone  defined,  85. 

Gros  Cap  (L.  M.),  view  and  description  of, 
164. 

Oros  Gap  (L.  S.),  character  of,  38. 

Gypsum,  occurrence  of,  at  St.  Martin's,  202. 

Ilathan,  Mr.  A.  E.,  on  the  fluctuations  of  the 
lakes,  331.  ' 

Hill,  Mr.  S.  W.,  19.  ! 

Heights,   barometrically   determined  in  the  | 
Lake  Superior  district,  388.  j 

Higgins,  Mr.  S.  W.,  on  the  fluctuations  of' 
the  lakes,  330. 

Hitchcock,  Dr.  Edward,  on  the  meridional 
system  of  mountain  chains  in  New  England, 
288;  on  the  iron  deposits  at  Hawlev.  61. 

Hodge,  Mr.  J.  T.,  quoted,  78. 


Hofmann,  on  the  metamorphic  action  in  th« 
Alps,  9. 

Hooks,  93currence  of,  258 ;  origin  of,  261 . 

Houghton,  Dr.  D.,  cited,  181,  188,  165;  on 
the  fluctuations  of  the  lakes,  821,  880, 

Houghton,  Mount,  view  of,  Uii. 

Hudson-river  group,  range  and  extent  of,  148j 
organic  remains,  208. 

Humboldt,  Ale^^ander  von,  cit«d  on  the  for- 
mation of  granite,  86 ;  on  the  cretaceous 
rocks  of  the  Andes,  278. 

Huron  islands,  granitvc  character  oU  ^^* 

Huron,  Lake,  its  bed  the  result  of  denuda- 
tion, 170. 

Hypersthene  rocks  of  New  York,  88,  ?8. 

Igneous  formation  of  the  Azoic  system,  8,  8^ 
18,  16,  32,  37  ;  of  specular  iron  ores,  66. 

Indian  names,  applied  to  tlie  topographical 
features  of  the  Lake  Superior  district,  ori- 
gin of,  397. 

Iron  forge,  description  of,  78. 

Iron,  general  distribution  of  in  the  Lake  Supe- 
rior region,  51. 

Iron,  magnetic  and  specular,  occurrence  of 
near  Teal  lake,  18;  near  Machi-gurami,  i2, 
51 ;  on  the  Machi-gamig,  22,  51,  56;  near 
Twin  fills,  28,  30 ;  near  Antoine's  lake,  81 ; 
at  Bad  river,  51 ;  on  Iron  cascade,  52;  at 
Jackson  ore-bed,  54;  at  Cleveland  location, 
^5;  in  Scandinavia,  58;  Elba,  59;  in  Russia, 
60 ;  Missouri,  61 ;  New  York,  63 ;  Massa.- 
chusetts,  64 ;  Canada,  64 ;  theory  of  the 
origin  of,  65;  analysis  of,  from  the  Lake  Su- 
perior region,  73,  77 ;  method  of  anal>^is, 
70 ;  occurrence  of  impurities  in,  70 ; 
metallurgy  of,  77;  tenacity  of  the  pro- 
ducts of,  80;  banded  structure  of  the  oros 
of,  68 ;  distance  of,  from  navigable  water, 
in  the  Lake  Superior  district,  81. 

Iron,  manufacture  of,  79;  tenacity  of,  from 
different  regions,  80,387 ;  cost  of  pro<luction 
of,  per  ton,  in  the  Lake  Superior  district, 
81  ;  product  of,  in  the  United  States,  392. 

Isle  Royale,  geology  of,  116;  mountain  sys- 
tem of,  270. 

Jackson,  Dr.  C.  T.,  views  of,  with  regard  to 
the  age  of  the  Lake  Superior  sandstone, 
controverted,  137,  283. 

Jackson  forge,  tenacity  of  the  iron  fabricated 
at,  80. 

Jasper,  metamorphic  origin  of,  10 ;  association 
with  siiecular  iron,  68 ;  analysis  of,  77 ;  oc- 
currence of,  in  the  Porcupine  mountains, 68, 

Jesuit  Relations,  notice  of,  385. 

Johnson,  Prof.  W.  R.,  experiments  of,  on  the 
tenacity  of  iron,  80,387. 

Jukes,  Mr.  Beete,  on  the  cleavage  of  coral 
rocks,  186. 

Jura,  system  of,  280. 

Kaministiquia,  river,  granite  near,  87 ;  moun- 
tain system  of,  279. 

Keweenaw  Bay,  rocks  along  the  shores  of,  19. 

Keweenaw  Point,  geological  structure  of. 
117  ;  mountain  system  of,  279. 

King.  Dr.,  on  the  iron  orrs  of  Missouri,  3«1^ 
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Labradorlte,  occurrence  of,  in  the  trappean 
rocks,  89,  93. 

Lakes,  great  chain  of  Xorth  American,  flnc- 
tostioDs  in  their  level,  819;  supposed  pe- 
riodical rise  of,  erroneous,  320 ;  different 
leros  of  reference,  321 ;  tables  showing  the 
yarions  stages,  323  ;  effects  of  winds,  836 ; 
no  tidal  movement  in,  337. 

Lamination,  lines  of,  in  the  slates,  10. 

L'Ansc  a  la  Bouteillc,  shites  of,  13. 

L'Anse  Keweenaw,  character  of  the  rocks 
at,  19. 

Lapham,  Mr.  I.  A.,  on  the  geology  of  a  por- 
tion of  Wisconsin,  107. 

Lathrop,  Mr.  John,  measurements  of  the  sur- 
face of  Lake  Erie,  333,  83'). 

Latitudes  of  different  points  on  Lake  Supe- 
rior, 253. 

Lead,  sulphuret  of,  restricted  mainly  to  the 
Galena  limestone,  148,  201 ;  occurrence  of 
at  Presqu' isle,  18,  82  ;  in  Silurian  rocks, 
201. 

Leonhardite,  analysis  of,  104. 

Lesquerenx,  M.,  on  the  formation  of  peat,  240. 

Light,  influence  of,  on  marine  life,  188. 

Limestone,  crystalline,  of  the  Azoic  series,  on 
Carp  river,  16;  on  the  Maohi-g.lmig.  23; 
on  the  Menomonee,  24,  28,  80;  analysis  of, 
192;  economic  application  of,  190. 

Llandeilo  flags,  the  probable  e^iuivalent  of, 
281. 

Logan,  Mr.  W.  E.,  cit^d,  4,  5  ;  observations 
of,  on  fhe  Azoic  rocks  of  thn  northern  shore 
of  Lake  Superior,  11;  on  the  granite  of 
north  shore,  87 ;  on  the  iron  ores  of  Canada, 
64. 

Longitude  of  points  on  Lake  Superior,  253  ; 
discrepancy  in  different  sets  of  observations, 
264. 

Lbven,  Professor,  observations  of,  on  the  dis- 
tribution of  marine  fiiuna,  on  the  coast  of 
Norway,  186. 

Lumber,  statistics  of,  in  the  Lake«  Superior 
district,  396. 

Lyell,  Sir  Charles,  cited,  3,  11. 

Machi-gamig,  description  of,  22;  occurrence 
of  iron  ores  on  the  borders  of,  22  ;  analysis 
of  the  iron  ores  from,  7r>. 

Machi-gummi,  description  of,  21  ;  occurrence 
of  iron  ores  on  the  margin  of,  22. 

Mackinac,  geological  structure  of,  162;  the 
Arched  Rock,  164;  Sugar-loaf,  16o. 

Magnetic  variations,  340 ;  in  Michigan,  342, 
851;  in  Wisconsin,  347. 

Mamainse,  trappean  rocks  of,  13. 

Manganese,  presence  of,  in  iron  ores,  72;  de- 
tection of,  72. 

Map,  geological,  explanation  of,  5. 

Marble,  beds  of,  associated  with  the  Azoic  se- 
ries, 28,  24,  28,  30,  83  ;  analysis  of,  197. 

Marquette,  town  of,  character  of  the  slates.  17. 

Marquette,  James,  Pere,  discovery  of  docu- 
ments relating  to  the  voyage  of,  386. 

Marshes,  alluvial,  257. 

Massachusetts,  iron  ores  of,  64. 

Mather,  Prof.  AV.  W.,  observations  of,  on  the 
jfranite  in  the  vicinity  of  Pijrcon  river,  37 ; 


on    the   character    of    the    slater    bcttrpw 

Prince's  Bay  and  Thunder  Cape,  11 :  onihe 

existence  of  the  Azoic  system  on  the  St. 

Peter's,  S3. 
Melaphyre,  defined,  85. 
Menomonee  river,  geology  of  the,  24,145: 

topographical  features  of,  27. 
Mersch,  Mr.  C.  F.,  cited,  3;  on  the  ironorei 

of  Missouri,  61. 
Metallic  veins,  at   Presqu'  isle,  18;   on  th» 

Menomonee,  24,  2>. 
Metallurgy  of  the  iron  ores,  77. 
MetamorJ)hi^»nl,  defined,  3,  0;  effects  of,  oa 

sedimentary  rocks,  H. 
Mica  slate  of  the  Machi-gJmig.  23. 
Michigan,  Lake,  its  biisin  the  result  of  denu- 
dation, 170. 
Michipocoten  river,  rocks  in  the  vicinity  of,!*. 
Middle  Island,  greenstone  dvkes  in  the  griL- 

ite  of,  38. 
Miller  Hugh,  cited,  36;    on    the    origin  of 

blotches  in  sandstone,  120. 
Minerals,  alphabetical  list  of,  in  the  Lake  Sn- 

p>erior  district,  ,90. 
Minerp.Is   artificially  formed,    in   relation  to 

nietainovphisui,  9. 
Miners'  Castle  (lictured  Rocks),  descriptioa 

of.  \2V>. 

Missouri,  iron  mountain  of,  CI . 

Mitscherlich,  Prof.,  on  artificial  mineral  pro- 
ducts, 10. 

Modilications  of  marine  life  by  temperature, 
pressure,  \c.,  187. 

Monte  Calamita,  mines  of,  CO. 

Monument  Rock,  Isle  R ovale,  117. 

Mountains,  elevation  of,  274;  structure  of, 
275;  caused  by  the  earth's  oonti^aciion, 
276  ;  parallelism  in,  277  ;  differcfnt  system* 
of,  in  North  Arafrica,  277  ;  in  Europe,  279; 
comparison  in  the  ages  of  the  respectivi 
chains,  281. 

Murchison,  Sir  R.,  cited,  3  ;  on  the  metamor- 
phic  rocks  of  the  Ural,  10;  on  the  Azoic 
.system  of  Scandinavia,  34  ;  on  the  iron 
ores  of  Blagodat,  60;  publication  of  hi* 
<♦  Silurian  System,"  285. 

Murray,  31r.,  on  tlu*  Silurian  groups  of  tbe 
northern  coiist  of  Lake  Huron,  139. 

Xeepigon  Bay.  granite  rocks  near,  37. 

New  York,  iron  ores  of,  63 ;  impurities  in,  7$. 

Niagara  limestone,  its  development  on  the 
northern  shores  of  lakes  Huron  and  Michi- 
gan, 157  ;  westerlv  prolongation  of,  lei'J: 
thickness  of,  160. 

Nicollet,  I.  N.,  determination  of  the  longi- 
tude of  Crow-wing  bv,  355;  of  St.  Louis, 
358. 

Nijny  Tagilsk,  iron  mines  of.  60. 

Novaciilite,  beds  of,  near  L'Anse,  19;  in  tbf 
valley  of  Carp  river,  16,  8^5. 

Ocean,  oscillations  of,  at  different  geological 
epochs,  183;  the  effects  on  animal  life. 
1S6  :  conditions  in,  by  which  the  character 
of  the  deposits  was  changed.  188. 

Onondiiga  salt  group,  rangt*  of  the,  161  ;  ill 
diminution  as  traced  wesiwardly.  163, 

Orgmic  remains:  viJr  Fauna,  extinct. 
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OrnameDtal  materials  from  the  Aaoic  series,  SS . 

0:icillations  of  the  esurth's  auiface  on  animal 
life,  188;  eTidencea  of  at  difierent  geologi- 
cal epochs,  183. 

Owen,  Dr.  D.  O.,  od  the  age  of  the  Lake  Su- 
'  perior  sandstone,  138. 

Pmrallelism  in  the  different  systems  of  moun- 
tain chains  in  Europe  and  America,  281. 

Parallelism  in  the  paUezoic  series  of  the  two 
continents,  285 ;  in  the  lower  Silurian 
icroaps,  295  ;  in  the  upper  Silurian  groups, 
U99 ;  in  the  groups  above  the  lower  Hel- 
^erberg,  301 ;  in  the  Devonian  system,  802 ; 
in  the  Carboniferous.  316;  tabular  compar- 
isons of  the  whole  series,  318. 

Pebble  beaches,  2o6. 

Pectolite,  analysis  of,  105. 

Pegmatite,  defined,  36. 

Pemenee  Falls,  26. 

I*Mttta$ne.nts  ohloyifnts,  increased  vortical  range 
of  ia  western  strata,  157. 

Pbosphorus,  presence  of,  in  iron  ores,  72 ; 
detection  of,  72. 

Pictured  Rocks,  description  of,  124. 

Pie  Island,  slates  and  traps  of,  12. 

Pigeon  River,  character  of  rocks  near,  12,  37. 

Pitchstone,  analysis  of,  lOG. 

Pluto-neptunian,  term  defined,  8. 

Porcupine  mountains,  jahper-  of  the,  68. 

Porphyry  of  the  Menomonee,  26,  84. 

Potsdam  sandstone,  at  L'Anse,  19  ;  at  Chip- 
pewa island,  26 ;  east  of  Twin  falls,  30  ; 
general  range  of,  113 ;  first  traces  of  organic 
life  in,  110;  chemical  examination  of, 
191 ;  economical  application  of,  191 ;  in  Wis- 
consin, 169,  174;  organic  remains  of,  203. 

Prehnite,  analysis  of,  107. 

Presqu'  isle,  character  of  the  rocks  near,  17, 
18. 

Presqu'  isle.  Little,  character  of  the  rocks 
near,  18 ;  analysis  of,  92. 

Prevost,  M.  Constant,  on  the  classification  of 
rocks,  1. 

Prince's  Bay,  12. 

Protogine  of  the  Menomonee,  25. 

Frrenees,  age  of  the  sandstones  of,  0,  280. 

i^nartz  of  the  Azoic  series  occasionally  ripple- 
marked,  24. 

Qnartzose  rocks  of  the  Carp  river  region,  15 ; 
of  the  Menomonee,  24,  27,  29. 

<2uiTer  falls,  25. 

Rain-gauges,  transcripts  of,  337. 
Richardson,  Sir  John,  quoted,  278. 
Ridges,  subaqueous,  258. 
Ripple-marks  on  the  surfaces  of  the  quartz  of 

the  Azoic  series,  24. 
Riviere,  M.,  on  the  ancient  systems  of  up- 
heaval in  the  Vendee,  282. 
Hock,  term  defined,  1.* 
Kocks,  classification  of,  1 . 
JRocky  mountains,  direction  of,  278 ;  their 

age,  279 ;  extension  of,  284. 
Sogers,  Profs.  William  B.  and  .ITenry  D., 
cited,  33  ;  on  the  structure  of  the  Appala- 
chian chain.  275,  283. 


Rose,  GustoT,  cited,  10. 

Ross,  Sir  James,  on  oceanic  tcmpcriitur^,  186. 

Russia,  iron  ores  of,  60. 

Sagiaguns,  description  of,  21 . 

Sail  Rock,  description  of,  128. 

St.  Martin's  Island,  gypsum  beds  of,  202. 

St.  Mary's  river.  Azoic  series,  near  the,  14. 

Salses,  or  mud  volcanoes,  contributions  by, 
to  the  sedimentary  rocks,  17. 

Sandy  Portage,  25. 

Scandinavia,  iron  mines  of,  58;  mountain 
chains  of,  280. 

Section,  general,  explanation  of,  6. 

Sections,  geological,  from  the  northern  shore 
of  Lake  Superior  to  Green  bay  (appendix); 
near  the  Menomonee,  28 ;  from  Lake  Supe- 
rior to  the  mouth  of  the  Escanaba,  41  ;  of 
the  Jackson  ore  bed,  54 ;  of  the  iron  moun- 
tain, Missouri,  68. 

Sea-bottom,  effects  of  its  elevation  and  sub- 
sidence, 184;  ancient,  inequalities  in,  112. 

Sedgwick,  Prof.,  on  the  cleavage  of  rocks,  20. 

Serpentine  rocks,  at  Presqu*  isle,  17  ;  on  the 
AJenomonee,  25. 

Shale  of  Hudson-river  group,  analvsis  of, 
194. 

Sharpe,  Mr.  D.,  on  the  parallelism  of  the  Si- 
lurian groups  of  Great  Britain  and  the  Uni- 
ted States,  2ii8,  297. 

Silurian  system  explained,  3;  division  of,  in- 
to groups,  4 ;  general  characters  of  the 
nicmbers  of  this  saystcm,  110;  area  of  the 
ancient  basin,  110  ;  identity  of  the  groups, 
east  and  west.  111;  thickness,  bearng,  and 
inclination  of  the  several  groups,  17  <  ;  par- 
allelism of  American  groups  with  those  of 
(ireat  Britain,  2fi5. 

Slates,  rooting,  83. 

Spar  Island,  12. 

Spits,  occuiTencc  of,  258. 

Stockton.  Col.  T.  B.  W.',  water-tables  kept 
by,  at  Cleveland,  cited,  326,  328. 

Stratification,  diagonal,  130 ;  not  necessarily 
evidence  of  disturbance,  136. 

Sugar-loaf  Rock,  description  of,  105. 

Sulphur,  occurrence  of,  in  iron  ores,  71  ;  de- 
t**ction  of,  in  iron  ores,  71. 

Sulphuric  acid,  presence  of,  in  the  Silurian 
limestones,  199. 

Supi^rior,  Lake,  system  of  mountain  chains, 
277  ;  its  age  and  development,  277  ;  iden- 
tity with  that  of  the  Vendee,  282. 

Superior,  Lake,  sudden  oscillations  in  iti 
suriace,  387. 

System,  the  term  defined,  2. 

Systems  of  mountain  chains,  277. 

Talcose  rocks  of  the  Menomonee,  26. ' 

Teal  Lake,  rocks  in  the  vicinity  of,  18;  iron 

ores  near,  54. 
Temperature,  oceanic,  eflects  of,  on  anima) 

life,  186. 
Tequamenon  bay,  fossils  of,  204. 
Tequameuon  river,  rocks  along,  204. 
Terraces,  occurrence  of,  268. 
Thickness  of  the  Silurian  groups,  182,, 
Thunder  Cape,  d«i\rT\\\\\oTv  «i^,,  VI. 
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TUlal  moremenU,  not  observed  In  the  great 
ldke*j,  337. 

Tides,  evidence  of,  duilng  the  Silurian  epoch, 
184. 

Titanium,  prosence  of,  in  iron  ores,  72  ;  me- 
thod of  detection  in,  72. 

Trails  and  tracks  of  animals  in  the  Clinton 
group,  10l,lil5. 

Trappean  rocks,  of  the  Azoic  system,  8;  on 
northern  coast  of  Lake  Superior,  11, 12, 18  ; 
on  southern  shore,  10,  17,  2),  27,41»;  defi- 
nition of,  80 ;  chemical  conii>osition  of, 
01 ;  analyses  of,  8;J ;  fr(.neral  remarks  on,  94. 

Trappean  rocks,  of  the  Silurian  series,  80; 
analyses  of,  88  ;  remarks  on,  00. 

Trap-rock  river,  view  of  the  falls  of,  118. 

Trenton  limestone,  on  tlie  Menomonee,  27  ; 
on  the  White-fish,  Ui;  in  Wisconsin,  100. 

Trilobites,  occurrence  of,  in  the  Potsdam 
sandstone.  111,  204. 

Tschudi,  J.  J.  Von,  cited,  279. 

Unconformahility  between  the  upper  and 
lower  series  of  Azoic  schists,  on  the  north 
shore  of  Lake  Superior,  11  ;  between  the 
Azoic  and  Silurian  systems,  17,  20. 

Upper  IlelderbLM'g  series,  103 ;  organic  re- 
mains of,  100. 

UtJi,  mines  of,  o9. 

Variations   of  the   magnetic   needle   in    the 

Northwest,  351. 
Ve^;^tation,  exi;.ting,  of  the  Lako   Superior 

district,  359. 


VerneuU,  M.  de,  and  Murcliiion,  ou  th«  hor- 
izontal  position  of  the  Silurian  groups  \q 
Kussia,  34;  ou  the  uietaniorphism  of  tb« 
Silurian,  Devonian,  and  Carboniferous  se- 
ries in  the  LTral,  10 ;  on  l^e  use  of  the 
term  Azoic,  3 ;  on  the  iron  ores  of  the  Ural, 
00 ;  on  the  parallelism  of  the  Silurian 
groups  of  Europe. and  America,  20^3.207, 

.Mi(» 

^  *w  «7  • 

Vesuvius,  specular  iron  in  the  crater  of,  66. 

Wade,  Major,  experiments  of,  on  the  tenacity 

of  iron,  80. 
Water,  a  chemical  ingredient  in  .*5ome  of  the 

trappean  rocks,  60 ;  absence  of  in  the  iron 

ores,  70. 
Wegmann,  M.  de,  on  inclined  stratification, 

130. 
Wenlock  shales,  their  American  equivalent, 

318. 
White-fish  Point,  (L.  S.),  dunes  of,  263. 
White  Kapids,  character  of  the  rocks  near 

the,  27. 
Whiting,  Brigadier  General    Henrv,  on  the 

fiuctuations  of  the  lakes,  321,  322. 
Wisconsin,  outlines  of  the  geology  of,  167. 
WoUastanite,  analysis  of,  108. 
Wootz,  Indian,  manufacture  of,  78. 

Zeolites,  occurrence  of,  in  traps  of  SiiunaD 
age,  iH);  absence  of,  iu  traps  of  the  Azoic 
age,  01 . 

Zones  of  animal  nnd  vegetable  life  in  the 
ocean,  186,  287. 
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